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(57) Abstract 

A satellite direct radio broadcast system (10) is provided which assembles bits of broadcast programs into prime rate increments, 
several of which are assembled into a frame. Frames are divided into symbols which are demultiplexed into alternating one of a plurality of 
prime rate channels. The prime rate channels are demultiplexed onto a corresponding number of broadcast frequencies for transmission to 
a satellite (25). The satellite payload switches the symbols into time division multiplexed (TDM) data streams. The receivers (29) process 
the TDM streams using service control headers (SCHs) provided therein by broadcast stations. The SCHs facilitate transmission of different 
service components within broadcast channel frames, association of a primary broadcast channel with one or more secondary broadcast 
channels on a frame-to-frame basis, and the transmission of multiframe bit streams, or auxiliary data throughout a broadcast channel that 
are independent of a service, in contiguous or non-contiguous frames. 
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SIGNALING PROTOCOL FOR SATELLITE DIRECT 
RADIO BROADCAST SYSTEM 



Field of Inveniion 

The invention relates to satelUte broadcast systems, and a signaling waveform for 
facilitating the formarring of broadcast data, and the processing thereof by a satellite payload and 
remote radio receivers. 

Background of the Invention 

Tliere presendy exists a population of over 4 billion people that are generally dissatisfied 
and underserved by the poor sound quality of short-wave radio broadcasts, or the coverage 
limitations of ampUmde modulation (A2^ band and frequency modulation (FM) band terrestrial 
radio broadcast systems. This population is primarily located in A&ica, Central and South 
America, and Asia. A need therefore exists for a satellite-based direa radio broadcast system to 
transmit signals such as audio, data and images to low<ost consumer receivers. 

A number of satellite communications networks have been developed for commercial 
and military applications. These satellite communications systems, however, have not addressed 
die need to provide multiple, independent broadcast semce providers with flexible and 
economical access to a space segment, nor consumers' need to receive high quaUty radio signals 
using low-cost consumer radio receiver units. A need therefore exists for providing service 
providers with direa access to a satellite and choices as to the amount of space segment that's 
purchased and used. In addition, a need exists for a low-cost radio receiver unit capable of 
receiving time division multiplexed downlink bit streams. 

Summary of the Invention 

In accordance widi an aspea of die present invention, a mediod of formatting a signal for 
broadcast transmission to remote receivers is provided whereby a broadcast service having ai least 
one service component (e.g., an audio program, video, data, static images, paging signals, test, 
messages, panogiaphic symbols, and so on) is combined with a service control header (SO^ in a 



broadcast channel bit stream frame. The SCH dynamically controls the reception of the senice at 
the remote receivers. 

In accordance wh another aspea of the present invention, the service has an overall bit 
rate of K bits per second or n muhiples of a minimum bit rare of L bits per second. The frame 
5 period is M seconds. The number of bits of service in a frame is n xL x M = n xP bits per frame. 
The SCH is n X Q bits, and die number of bits m a frame is n x (P + Q). For exan:^}le, die service 
has an overall bit rate of 16 to 128 kilobits per second or n mul^les of a minimum bit rate of 16 
kilobits per second where 1 j£ n _< 8 The frame period is 432 milliseconds. The number of bits of 
service in a frame is n x 16 kilobits per second x 432 milliseconds orn x 6912 bits. The SCH is n x 
10 224 bits, and die number of bits in a frame is n x 7136. 

In accordance with yet another aspea of die present invenrion, die service comprises more 
than one service componenL Bits of each service component are interieaved in each broadcast 
charmel bit stream frame. 

In accordance widi still yet another aspea of die present invenrion, die service components 
15 are integer larios of die minimum bit rate of die service. Padding bits are added to die broadcast 
channel bit stream frame when one of die service components does not have a bit rate sufficient to 
fill each interleaved porrion of the frame. 

In accordance widi anodier aspea of the present invenrion, die service and a SCH 
corresponding to each of first and second broadcast channels are synchronized using independent 
20 bit rate references. A single bit rate reference for aU broadcast channels is not required A satellite is 
con%ired to determined and compensate for rime differences between die various independent bit 
rate references of the broadcast starions and a clock on-board the satellite. 

In accordance wfdi anodier aspea of the present invenrion, a service component 
comprising an analog signal such as audio is compressed using a coding scheme such as a Morion 
25 Pioures Expert Group or MPEG coding scheme (i.e., MPEG 1, MPEG 2 or l^EG 2.5) and a 
seleaed sampling frequency (e.g. 8 kilohertz, 12 kilohertz, 16 kilohertz, 24 kiloheitz, 32 kHohertz 
' and 48 kilohertz). Compression of a service component can be performed using die MPEG 2.5, 
layer 3 coding scheme. 

In accordance widi srill yet anodier aspea of die present invention, die SCH comprises a 
30 number of fields seleaed from die group consisting of a preamble indicating die beginning of said 
frame, a bit rate index indicating die bit rate of said service, enayprion control data, an auxiliary data 
field, an auxiliary field content indicator relating to die content of said auxiliary data field, data 
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relanng .o muldfnn^e segment «ed usmg said, auxiliary "data field, and da. indicanng the 
number of service components which consdmte said frame. 

In accordance with another aspea of the present invenuon, a broadcast channel can be 
designated a primary broadcast channel and other broadcast ch-els can c^ secondary 
sendees thaareassooatedwiththeprimaxy broadcast channel Tl^ebandwukhoft^^ 

program on the prima^ broadcast channel is therefore effectively increased. InfoCon .s 
provided in the SCH of each frame in each of the broadcast channels to assist the remote 
receivers . recei^ broadcast services from pnmary and secondary broadcast c^els. In 
accordance with a preferred embodiment of the present invention, the auxdrary field content 
indicator is provided with a flag to mdicate wheAer the auxiliary data field comprises a prunar, 
or second sendee, and an associated sendee pointer comprising a unique identif.cauon code 
which corresponds to the next associated broadcast channel. The auxiEan- data field can be 
changed from frame to frame, and the associated sen^ice broadcast channels need not be m 

coniiguous frames. t u j 

In accordance with soil yet another aspea of the present invention, the SCH can be used 
CO control specific .adio receiver functions requiring long bit strings. Ue long bit stnngs are 
cransmiued via muluframe segments. TTie SCH comprises a stait flag to indicated wh«her an 
auxiHary data field comprises the first segment or an intermediate segment of a mutae 
™ssion. The service control header is also provided with a segment offset and length field 
(SOLF) to indicate to which of a total number of muitiframe segments the cumnt segment 
co^esponds and therefore to sen^e as a counter. In other words, the SOU for each 
intermediate muldframe segment increases by one until the total number of segments less one is 
reached Muldframe segments need not be located in contiguous broadcast channel frames. In 
addition, the auxiliary field content indicator comprises bits corresponding to a semce label for 

the contents of the auxiliary data field. 

In accordance with yet anodier aspea of the present invention, the senace control 
header comprises a sendee component control field (SCCF) for each sendee component 
provided in a broadcast channel frame which faciliutes demuldplexmg and decoding of sen.ee 
components at radio receivers. The SCCF indicates the length of the sendee component, the 
cype of sendee component (e.g., data, MPEG encoded audio, video and so on), whether or not 
die sendee component is encored, method of encrypon, die type of program (e.g music, 
speech as so on) to which die service component belongs, as well as the language used m the 
program. 



In accordance wirh stiU yet another aspea of the present invention, the SCH comprises 
a dynamic auxiliary data field for transnntting a dynamic label byte stream to receivers such as 
text or a screen for display ax the receiver. The dynamic label byte stream that is not related to a 
particular service, -n^us. the radio receiver need not be tuned to receive a particular service m 
order to receive the dynamic label byte stream. 

Brief Descriptinn of the Drawings 

These and other features and advantages of the present invention will be more readily 
comprehended from the followmg detailed description when read in connea.on w«h the 
appended drawings, which fomi a pan of this original disclosure, and wherem: 

Fig. 1 is a schemaric diagram of a satellite direa broadcast s>'Stem construaed in 
accordance u-ith an embodiment of the present invention; 

Fig ■> is a flow chart depicting the sequence of operations for end-to-end signal 
processing in the system depiaed in Fig. 1 in accordance with an embodiment of the present 

invention; . 
Fig. 3 is a schematic block diagram of a broadcast eanh station construaed m 

accordance with an embodiment of the present invention; 

Fig. 4 is a schematic diagram illustrating broadcast segment multiplexing in accordance 
with an embodiment of the present invention; 

Fig. 5 is a schematic block diagram of an on-board processing payload for a satellite in 
accordance uith an embodiment of the present invention; 

Fig. 6 is a schematic diagram iUustrating on-board sateUite demultiplexmg and 
demodulation processing in accordance with an embodiment of the present invention; 

Fig. 7 is a schematic diagram iUustrating on-board satellite rate aligmnem processmg m 
accordance with an embodiment of the present invention; 

Fig. 8 is a schematic diagram illustiating on-board satellite switching and ume dmsion 
• multiplexing operations in accordance widi an embodiment of the present invention; 

Fig. 9 is a schematic block diagram of a radio receiver for use m the system dep.aed m 
Fig 1 and construaed in accordance with an embodiment of the present invention; 

Fig. 10 is a schematic diagram illustrating receiver synchronization and demulnplexmg 
operations in accordance widi an embodiment of the presem invention; 
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Fig. 11 is a schematic diagiam illustrating synchronization and multiplexing operations 
for recovering coded broadcast channels at a receiver in accordance widi an embodiment of the 

present invention; 

Fig. 12 is a schematic diagiam of a system for managing satellite and broadcast stations in 
accordance with an embodiment of the present invention; 

Fig. 13 is a schematic block diagram of the broadcast segment, space segment and radio 
segment of a system constmcted m accordance with an embodiment of the present invention; 

Fig. 14 is a diagram illustrating interleaving of service components within a frame period 
in the service layer of a system constmaed in accordance with an embodiment of the present 
invention; 

Fig. 15 is a schematic block diagram of the service layer of the broadcast segment of a 
system construaed in accordance with an embodiment of the present invention; 

Fig. 16 is a schematic diagiam of a pseudorandom sequence generator used for 
scrambling broadcast channels in accordance with an embodiment of the present invention; 

Fig. 17 is a schematic block diagram of the service layer of the radio segment of a system 
construaed in accordance widi an embodiment of the present invention; 

Fig. 18 is a schematic block diagram of the transport layer of the broadcast segment of a 
system constructed b accordance with an embodiment of the present invention; 

Fig. 19 is a diagram of a broadcast channel frame in the outer transport layer depiaed b 
Fig. 18, and a prime rate channel frame b the bner transpoit layer as depiaed m Fig. 18; 

Fig. 20 is a diagram illustmbg bterleavbg of symbols b a prime rate channel b 
accordance with an embodiment of the present bvenuon; 

Fig. 21 is a schematic diagram of a Viterbi encoder for broadcast channels used on the 
bner transpoit layer of the broadcast segment b accordance with an embbdbiem of the present 
invention; 

Fig. 22 is a diagram depiabg the demultiplexbg of a broadcast channel bto prime rate 
channels b accordance with an embodiment of the present bvention; 

Fig. 23 is a schematic block diagram of the transport layer of the space segmem of a 
system construaed b accordance with an embodbient of the presem bvention; 

Fig. 24 is a diagram depiabg a tbie division multiplex downlbk signal generated m 
accordance with an embodbient of the present bvenuon; 



Fig. 25 .s a diagram iUustrarbg rare alignment performed on-board a satellite in 
accordance with an embodiment of the present invention; 

Fig 26 is a diagram depicting a time slot control word inserted in a time division 
..dtiplexdownlinkbits^eam in accordance with an embodiment ofthepr^^^^^ 

Fig. 27 is a schematic diagram of a time division multiplex frame sequence generator 
usedinaccordancewidianembodimentofthepresentinvenrion;and 

Figs 28a and 28b are schemadc block diagrams of the transport layer of the radio 
segment in a system construaed in accordance with an embodiment of the present invennon. 

Detailed Description of the Prefeix ed Embodiments 
Overview 

^ accordance with the present invention, a satellite-based radio broadcast system 10 is 
provided to broadcast programs via a satellite 25 from a number of different broadcast stations 
23a and 23b (hereinafter referred to generally as 23). as shown in Fig. 1. Users are provided with 
radio receivers, indicated generally at 29, which are designed to receive one or more time division 
multiplexed (TOM) L-band earners 27 downlinked from the satellite 25 that are modulated at 
1 86 Megasymbols per second ^s). The user radios 29 are designed to demodulate and 
demultiplex the TDM easier to recover bits that constitute the digital information content or 
program transmiaed on broadcast channels from die broadcast stations 23. In accordance with 
an embodiment of the invention, the broadcast stations 23 and the satellite 25 are configured to 
format uplink and downlink signals to allow for improved reception of broadcast programs using 
relatively low cost radio receivers. A radio receiver can be a mobUe unit 29a mounted in a 
transportation vehicle, for example, a hand-held unit 28b or a processing terminal 29c with a 

'''''''' Although only one sateUite 25 is shown in Fig. 1 for illustrative purposes, the system 10 
preferably comprises three geostationary satellites 25a, 25b and 25c OFig- 12) configured to use 
frequency bands of 1467 to 1492 Megaheru W -hich h. been allocated for broadcasting 
sateUite service (BSS) direct audio broadcast PAB). llie broadcast ^tions 23 preferably use 
feeder uplinks 21 in the X-band, that is from 7050 to 7075 MH. Each satellite 25 is preferably 
configured to operate three downlink spot beams indicated at 31a, 31b and 31c. Each beam 
covers approximately 14 million square kilometers within power distribution contours that are 
four decibels (dB) down from beam center and 28 million square kilometers within contours that 
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are eight dB dow. The beam center margin can be 14 dB based on a receiver gain-to- 

temperature ratio of - 13 dB/K. 

continued reference to Fig. 1. the uplink signals 21 generated from the broadcast 
stations 23 are modulated in frequency division multiple access (FDMA) channels from the 
ground stationr23 which are preferably located within the teirestrial visibiHty of the satellite 25. 
Each broadcast station 23 preferably has the ability to uplink direoly from its own facilities to 
one of the satellites and to place one or more 16 kilobit per second (kbps) prime rate mcrements 
on a single carrier. Use of FDMA channels for uplink allows for a significant amount of 
flexibiHty for sharing the space segment among multiple independent broadcast stations 23 and 
significantly reduces the power and hence the cost of the uplink earth sutions 23. Prune rate 
increments (PRIs) of 16 kilobits per second (kbps) are preferably the most fundamental buildmg 
block or rudimentary unit used in the sj^stem 10 for channel size and can be combined to acbeve 
higher bit rates. For example. PRIs can be combined to create program, chamiels with bit rates 
up to 128 kbps for near compaa disc quality sound or mulumedia broadcast programs 
comprising image data, for example. 

Conversion between uplink FDMA channels and downlink multiple channel per 
canier/time division multiplex (MCPC/TDM) channels is achieved on-board each satellite 25 at 
the baseband level. As wiU be described in further detail below, prime rate channels transmiued 
by a broadcast station 23 are demultiplexed at the satellite 25 into individual 16 kbps baseband 
signals The individual channels are then routed to one or more of die downhnk beams 3 1 a, 3 lb 
and 31c, each of which is a single TDM stream per earner signal. T^s baseband processmg 
provides a high level of channel control in terms of uplink frequency allocanon and chamiel 
routing between uplink FDMA and downlink TDM signals. 

The end-to-end signal processing that occurs in the system 10 is described wnh reference 
to Fig 2 The svstem components responsible for the end-to-end signal processing is descnbed 
in further detail below with reference to Figs. 3-11. As shown in Fig. 2, audio signals from an 
audio source, for example, at a broadcast station 23, are preferably coded using MPEG 2.5 Layer 
3 coding (block 26). The digital infomiation assembled by a broadcast service provider at a 
broadcast station 23 is preferably foimaued in 16 kbps inaements or PRIs where n is the 
number of PRIs purchased by the service provider (i.e., n x 16 kbps). The digital mformauon is 
dien fomiaued into a broadcast channel frame having a service control header (SCH) (block 28), 
described in further detail below. A periodic frame in the system 10 preferably has a penod 
duration of 432 milliseconds (ms). Each frame is preferably assigned n x 224 bits for the SCH 



«x^,^,roK, « V 1 fi 5 19 kbos. • Each frame is next scrambled by 
such thai the bit race becomes approxmiaiely n x lb.5 Kops. ^ 

addition of a pseudorandom bit stream to the SCR Infonxntion control of d.e scrambhng 
partem by a permits enoypdon. The bits in a frame are subsequently coded for fonvard 
error correction (FEC) protection using preferably two concatenated coding med^ods such as the 
Reed Solomon meAod, followed by bterieaving, and Aen convolution codmg (e.g.. trelhs 
convolution coding described by Viterbi) (block 30). The coded bits in each frame 
correspondir^ to each PRI are subsequentiy subdivided or demultiplexed into « parallel prm.e 
rate channels (PRCs) (block 32). To implement recovery of each PRC. a PRC synchromzauon 
header is provided. Each of the n PRCs is next differentially encoded and then modulated 
for example, quadrature phase shift keying modulation onto an intennediate frequenq' (IF) 
carrier frequency (block 34). The n PRC IF carrier frequencies constituting the broadcast 
channel of a broadcast station 23 is converted to die X-band for transmission to d.e satelhte 25, 

as indicated by die arrow 36. ^ 

The carriers from die broadcast stations 23 are single channel per earner/frequency 
division multiple access (SCPC/FDMA) earners. On-board each satellite 25, the SCPC/FDm 
carriers are received, demultiplexed and demodulated to recover die PRC earners (block 38). 
The PRC digital baseband channels recovered by die saxeUite 25 are subjeaed to a rate ahgnment 
hmction to compensate for clock rate differences between die on-board satelHte clock and di^ 
of die PRC carriers received at die satelUte (block 40). The demultiplexed and demodulated 
digital streams obtained from the PRCs are provided to TDM frame assemblers usmg routmg 
and switching components. The PRC digital streams are routed from demuluplexmg and 
demodulating equipment on-board die satellite 25 to Ae TDMA frame assemblers in accordance 
widi a switching sequence unit on-board die satelHte tiiat is controlled from an eanh station via a 
command link (e.g., a satelHte control center 236 in Fig. 12 for each operating region). Three 
TDM carriers are created which conespond to each of die diree satelHte beams 31a, 31b and 31c 
(block 42). The diree TDM carriers are up converted to L-band frequencies following QPSK 
niodulation, a. indicated by arrow 44. Radio receivers 29 are configured to receive any of the 
diree TDM carriers ^d to demodulate die received carrier (block 46). The radio receivers 29 are 
designed to synchronize a TDM bit stream using a master frame preamble provided dunng on- 
board sateUite processing (block 48). PRCs are demultiplexed fromdieTDM frame using a T^ 
Slot Control Chamiel CTSCQ. as well The digital streams are dien remultiplexed into die FEC- 
coded PRC format described above^di reference to block 30 (block 50). The FEC proces^g 
preferabh. bcludes decoding using a Viterbi trelHs decoder, for example, deinterleaving, and dien 
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Reed Solomon decoding lo recover the original broadcast channel comprising n x 16 kbps 
channel and the SCH. The n x 16 kbps segment of the broadcast channel is suppUed to an 
MPEG 2.5 Layer3sourcedecoderforconversionbacktoaudio. In accordance with the present • 
bvention, the audio output is available via a very low cost broadcast radio receiver 27 due to the 
processing and TDM formarting described above b connection with the broadcast starion(s) 23 
and the satellite 25 (block 52). 

Uplink Multiplexing and Modularion 

Signal processing to convert data streams from one or more broadcast stanons 23 into 
parallel streams for transmission to a sateUite 25 will now be described with reference to Fig. 3. 
For illustrative purposes, four sources 60, 64, 68, and 72 of program infonnation are shown. 
Two sources 60 and 64, or 68 and 72, are coded and transmitted together as pan of a single 
program or service. Tlie coding of the program comprising combined audio sources 60 and 64 
will be described. The signal processing of the program comprising digital informarion from 
sources 68 and 72 is idenrical. 

As stated previously, broadcast stanons 23 assemble informarion from one or more 
sources 60 and 64 for a pairicular program into broadcast channels charaaerized by inaements 
of 16 kbps. Hiese mcrements are referred to as prime rate increments or PRIs. Thus, the bit 
rate carried in a broadcast channel is « x 16 kbps were n is the number of PRIs used by that 
particular broadcast service provider. In addition, each 16 kbps PRI can be further divided into 
two 8 kbps segments which are routed or switched together tiurough the system 10. The 
segments provide a mechanism for carrying two different service items in the same PRI such as a 
data stream with low bit rate speech signals, or two low bit rate speech channels for two 
respective languages, and so on. The number of PRIs are preferably predetermined, that is, set in 
accordance with program code, nie number n, however, is not a physical limitation of the 
system 10. The value of n is generally set on the basis of business concerns such as the cost of a 
single broadcast chamiel and die willingness of tiie service providers to pay. In Fig. 3, n f or tiie 
first broadcast chamiel 59 for sources 60 and 64 is equal to 4. Hie value of n for the broadcast 
channel 67 for sources 68 and 72 is set to 6 in die iHustraied embodiment 

As shown m Fig. 3, more than one broadcast service provider can have access to a smgle 
broadcast station 23. For example, a first service provider generates broadcast chamiel 59, while 
a second service provider can generate broadcast channel 67. T^ie signal processing described 
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herein and in accordance wid, dxe presem invention aUows dat. streams from several broadcast 
service providers to be broadcast to a satelHte in parallel streams which reduces the cost of 
broadcasdng for the sendee providers and maximizes use of the space segment. By maxmuzmg 
effidency of space segment usage, the broadcast stations 23 can b^implemented less exp^^^^^^ 

using less power- consuming components. For example. the antenna at the broadcast stauon 23 
can be very small aperture terminal (VSAT) antemu. Tht payload on the satellite requires less 
memory, less processing capability and therefore fewer power sources which reduces payload 

A broadcast channel 59 or 67 is charaaerized by a frame 100 having a penod duration of 
432 ms. as shown in Fig. 4. "niis period duration is seleaed to facilitate use of the MPEG source 
coder described below; however, the frame paired m the system 10 can be set to a different 
predetermined value. If the period duration is 432 ms, d.en each 16 kbps PRI requires 16.000 x 
0 432 seconds = 6912 bits per frame. As shown in Fig. 4, a broadcast chamiel dierefore consists 
of a value n of these 16 kbps PRIs which are carried as a group in the frame 100. As will be 
described below, diese bits are scrambled to enhance demodulation at the radio receivers 29. 
The scrambling operation also provides a mechanism for encrypting the service at the opnon of 
the service provider. Each frame 100 is assigned n x 224 bits which correspond to a service 
control header (SCH), resulting in a total of n x 7136 bits per frame and a bit rate of n x (16,518 
+ 14\27) bits per second, l^e purpose of the SCH is to send data to each of the radio receivers 
29 tuned to receive the broadcast channel 59 or 67 in order to control reception modes for 
various multimedia services, to display data and images, to send key information for decrypuon, 
TO address a specific receiver, among other feanires. 

Widi continued reference to Fig. 3, the sources 60 and 64 are coded using, for example, 
MPEG 2 5 Layer 3 coders 62 and 66, respectively. T^e t^o sources are subsequent!,^ added via a 
combiner 76 and then processed using a processor at die broadcast station 23 to provide the 
coded signals in periodic frames of 432 ms, d:at is. n x7136 bits per frame includmg the SCH. as 
• indicated by processing module 78 in Fig. 3. The blocks indicated at the broadcast stauon m Fig. 
3 correspond to programmed modules perfomied by a processor and associated hardware such 
as digital memory and coder circuits. The bits in the frame 100 are subsequently coded for FEC 
protection using digital signal processing pSP) software, appHcation specific integr^ed circuits 
(ASICs) and custom large-scale integration (LSI) chips for the r^o concatenated codmg 
methods. First, a Reed Solomon coder 80a is provided to produce 255 bits for every 223 bits 
entering the coder. The bits in die frame 100 are then reordered according to a known 
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interleaving scheme, as indicated by reference number 80b. The interleaving coding provides 
further protection against bursts of error encountered b a transmission since this method 
spreads damaged bits over several channels. With continued reference to processing module 80, 
a known convolution coding scheme of constraint length 7 is appUed using a Vherbi coder 80c. 
•nie Viterbi coder 83c produces two output bits for every input bit, producing as a net result 
16320 FEC-coded bits per frame for each inaement of 6912 bits per frame appUed in the 
broadcast channel 59. Thus, each FEC-coded broadcast channel .(e.g., channel 59 or 67) 
comprises n x 16320 bits of inforaiation which have been coded, reordered and coded again such 
that the original broadcast 16 kbps PRIs are no longer identifiable. The FEC-coded bits, 
however, are organized in terms of the origmal 432 ms frame structure. The overaU coding rate 
for error protection is (255/223) x 2 = 2+64/223. 

^X^lth continued reference to Fig. 3, the « x 16320 bits of the FEC-coded broadcast 
channel frame is subsequently subdivided or demultiplexed using a channel distributor 82 into n 
parallel prime rate channels (PRCs), each carrying 16320 bits in terms of sets of 8160 two-bit 
symbols. This process is further iUustraed in Fig. 4. The broadcast channel 59 is shown which 
is charaaerized by a 432 ms frame 100 having an SCH 102. The remaining ponion 104 of the 
frame consists of n 16 kbps PRIs which corresponds to 6912 bits per frame for each of the n 
PRIs. Tlie FEC-coded broadcast channel 106 is attained following concatenated Reed Solomon 
255/223, interieaving and FEC 1/2 convolution coding described above in conneaion with 
module 80. As stated previously, the FEC-coded broadcast channel frame 106 comprises n x 
16320 bits which correspond to 8160 sets of rwo-bit symbols, widi each symbol bebg designated 
by a reference numeral 108 for illustrated purposes. In accordance ^ith the present invention, 
the symbols are assigned across the PRCs 110 in the manner shown in Fig. 4. Thus, the symbols 
will be spread on the basis of time and frequency which funher reduces errors at the radio 
receiver caused by interference in transmission. The service provider for broadcast channel 59 
has purchased four PRCs for illustrative purposes, whereas the service provider for broadcast 
channel 67 has purchased sbc PRCs for illustrative purposes. Fig. 4 iUustrates the first broadcast 
channel 59 and the assignment of symbols 114 across the « = 4 PRCs 110a, 110b. 110c and 
1 lOd, respectively. To implement recovery of each two-bit symbol 114 set at die receiver, a PRC 
synchronization header or preamble 112a, 112b, 112c and 112d, respectively, is placed in front of 
each PRC. The PRC synchronization header (hereinafter generally referred to using reference 
numeral 112) contains 48 symbols. TTie PRC synchronization header 112 is placed b front of 
each group of 8160 symbols, thereby bcreasbg the number of symbols per 432 ms frame to 
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8208 ^ols. According^, the symbol rate becomes 8208/0.432 which equals 19.000 
kilosymbols per second (ksyWs) for each PRC 110. The 48 symbol PRC preamble 112 . used 
essenually for synchronization of the radio receiver PRC dock to recover the symbols from the 
downlink satelte transmission 27. At the on-board processor 116. the PRCpreamble is used to 
absorb timing differences between the symbol rates of arriving uplink signals and that used on- 
board to switch the signals and assemble the downlink TDM streams. TOs is done by addmg 
subtracting a "0" or neither to each 48 symbol PRC in the .ate aUgnment process used on-board 
dxe satelUte. T^us, the PRC preambles carried on the TDM downlink has 47. 48 or 49 symbols 
as determined bv the rate alignment process. As shown in Fig. 4. symbols 114 are assigned to 
consecutive PRCs in a round-robin fashion such that symbol 1 is assigned to PRC 110a, symbol 
. is assigned to PRC 110b. symbol 3 is assigned to PRC 110c, symbol 4 is assigned to PRC llOd. 
symbol 5 is assigned to PRC llOe. and so on. This PRC demultiplexing process is performed by 
a processor at the broadcast station 23 and is represented b Fig. 3 as the channel distnbuuon 

PEMUX) module 82. r , , ^ 

■n.e PRC channel preambles are assigned to markthe beginning of the PRC frames 110a, 
110b HOC and llOd for broadcast channel 59 using the preamble module 84 and adder module 
85 '-Then PRCs are subsequently differentially encoded and then QPSK modulated onto an IF 
carrier frequencv using a bank of QPSK modulators 86 as shown in Fig. 3. Four of ^e QPSK 
modulators 86a; 86b. 86c and 86d are used for respective PRCs 110a, 110b. 110c and llOd for 
broadcast channel 59. Accordingly, there are four PRC IF carrier frequencies consuruung the 
broadcast channel 59. Each of the four carrier frequencies is up-convened to its assigned 
frequencv location in the X-band using an up-converter 88 for tmsmission.to the sateUite 2.. 
The up-converted PRCs are subsequently transmitted through an ampUfier 90 to the antenna 

(e.g.,aVSAT)91aand91b. 

In accordance with the present invention, the transmission method employed at a 
broadcast station 23 incorporates a multipUcity of n Single Channel Per Canier, Frequency 

■ Division Multiple Access (SCPC/FDMA) carriers into the uplink signal 21. These 
SCPC/FDMA carriers are spaced on a grid of center frequencies which are preferably separated 
by 38 000 Hertz (Hz) from one another and are organized in groups of 48 contiguous center 
frequiicies or carrier channels. Organization of these groups of 48 canier channels is useful to 
prepare for demultiplexing and demodulation processing conduaed on-board the satellite 2x 

. -nie various groups of 48 carrier channels are not necessarily contiguous to one another. The 
carriers associated with a particular broadcast channel (i.e.. channel 59 or 67) are not necessarrly 
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contiguous within a group of 48 c^er channels and need not be assigned in the same group of 
48 canier channels. The transmission method described in connection with F:gs. 3 and 4 
therefore allows for flexibility in choosing frequency locations and optimizes the ab JiTy to fill the 
available frequency spectrum and to avoid interference with other users sharing the same radio 

frequency spectrunL 

The system 10 is advantageous because it provides a common base of capacity 
incrementation for a multipHcity of broadca^ companies or semce providers whereby broadcast 
chamiels of various bit rates can be construaed with relative ease and transmitted to a receiver 
29 Typical broadcast channel inaements or PRIs are preferably 16, 32. 48. 64, 80, 96. 112 and 
128 kbps. The broadcast chamids of various bit rates are interpreted with relatn^e ease by the 
radio's receiver due to the processing described in connection with Fig. 4. The size and cost of a 
broadcast station can therefore be designed to fit the capac:t>^ requirements and financial 
resource limitations of a broadcast company. A broadcast company of meager financial means 
can install a smaU VSAT terminal requiring a relatively small amount of power to broadcast a 16 
kbps service to its countiy that is sufficient to cany voice and music having quality far better 
than that of shon-wave radio. On the other hand, a sophisticated broadcast company of 
substantial financial means can broadcast FM stereo quality with a sHghtly larger antemia and 
more power at 64 kbps and, with further increases in capacity, broadcast near compaa disc (CD) 
stereo qualitj' at 96 kbps and fuU CD stereo quality at 128 kbps. 

ITie frame size, SCH size, preamble size and PRC lengdi described in comiection with 
Fig 4 are used to realize a number of advantages; however, the broadcast station processmg 
described in comiecrion with Figs. 3 and 4 is not limited to these values. The fr^e period of 
432 ms is convenient when using an MPEG source coder (e.g., coder 62 or 66). The 224 bits for 
each SCH 102 is seleaed to faciHtate FEC coding. "Hie 48 symbol PRC preamble 1 12 is selected 
to achieve 8208 symbols per PRC 110 to achieve 19,000 ksym/s for each PRC for a simphfied 
implementation of multiplexing and demultiplexing on-board the sateDite 25. as described in 
fiiture detail below. Defining symbols to comprise two-bits is convenient for QPSK modulanon 
(ie 2^ = 4) To iHustrate further, if phase shift key modulation at the broadcast station 23 uses 
eigllt phases as opposed to four phases, then a symbol defined as having three bits would be 
more convenient since each combinanon of three bits (i.e., 2>) can correspond to one of the 
eight phases. 
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Software can be provided at a broadcast station 23 or, if more than one broadcast stauon 
exists in the system 10,aregional broadcast control fadUtyCRBCIO 238 (Fig. 12) to as^^^ 

segment channel routing via a mission control center (MCQ 240, a satellite control c^ter (SCC) 
236 and a broadcast control center (BCQ 244. Tht software opdmizes use of the upbnk 
spectn^i by assigning PRC carrier channels 110 wherever space is available in the 48 ch^el 
groups. For example, a broadcast stauon may wish to broadcast a 64 kbps service on four PRC 
carriers Due to current spectrum use, the four caniers may not be available in connguous 
locations, but lather only in non-contiguous locations within a group of 48 carriers. Further, the 
RBCF 238 using its MCC and SCC may assign the PRCs to non-contiguous locanons among 
different 48 channel gioups. The MCC and SCC software at the RBCF 238 or a single broadcast 
station 23 can relocate PRC carriers of a particular broadcast service to other frequencies to 
avoid deUberate (i.e.. Jamming) or accidental interference on specific carrier locauons. A current 
embodiment of the system has three RBCFs, one for each of the three regional satellites. 
Additional satellites can be conaolled by one of these three fadUties. 

As will be described in further detail below in connection with on-board satellite 
processing in Fig. 6, an on-board digitally implemented polyphase processor is used for on-board 
signal regener^on and digital baseband recovery of die symbols 114 transmit^d m the PRCs. 
Hie use of groups of 48 carriers spaced on center frequencies separated by 38,000 Hz facihtates 
processing by die polyphase processor. Hie software available at the broadcast station 23 or 
RBCF 238 can perform defraggbg, diat is, defragmentarion processing to opumize PRC 110 
assignments to uplink earner chamiels, that is, groups of 48 carrier channels. The principal 
behind defragmentarion of uplink carrier frequency assignments is not unlike known software 
for reorganizing ffles on a computer hard drive which, over time, have been saved m such a 
piece-meal manner as to be inefficient for dau storage. TTie BCC funcrions at the RBCF allows 
the RBCF to remotely monitor and control broadcast stations to assure their operauon wttbn 
assigned tolerances. 



Satellite Payload Processing 

The baseband recovery on the satelUte is important for accomplishmg on-board 
switching and routing and assembly of TOM downlink carriers, each having 96 PRCs. Tlie 
TOM carriers are amplified on-board the satellite 25 using single-carrier-per-travebng-wave-tube 
operation. The satelte 25 preferably comprises eight on-board baseband processors; however, 
onh. one processor 116 is showa Preferably only sbc of the eight processors are used at a time. 
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d»e remainder providing redundancy in event of failures and :o command them to cease 
n^smission if circumstances require such. A single processor 116 is described in com^ecnon 
with Figs 6 and 7. It is to be understood that identical components are preferably provided for 
each of the other seven processors 116. With reference to Fig. 5. the coded PRC uplink earners 
21 are received at the satellite 25 by an X-band receiver 120. The overall uplink capaaty is 
preferably between 288 and 384 PRC uplink chamiels of 16 kbps each Ci-e., 6 x 48 carriers if six 
processors 116 are used, or 8 x 48 caniers if aU eight processors 116 are used). As will be 
described in further detaH below, 96 PRCs are seleaed and multiplexed for transmission m each 
downlink beam 27 onto a carrier of approximately 2.5 MHz bandwidtk 

Each uplink PRC channel can be routed to all, some or none of the downlink beams 27. 
•Hie order and placement of PRCs in a downlink beam is programmable and selectable from a 
telemetry, range and control (TRQ fadHty 24 (Fig. 1). Each polyphase demultiplexer and 
demodulator 122 receives the individual FDMA uplink signals in groups of 48 conuguous 
channels and generates a single analog signal on which the data of the 48 FDMA signals is time 
multiplexed, and perfomis a high speed demodulation of the serial data as described m further 
detail below in connection with Fig. 6. Six of these polyphase demultiplexer and demodularors 
122 operate in parallel to process 288 FDMA signals. A routing switch and modulator 124 
selectively direas individual channels of the six serial data streams into all, some or none of the 
downlink signals 27 and funher modulates and up-converts die three downlink TDM signals 27. 
-niree traveling wave tube amplifiers (jmA) 126 mdividually amplify die tiiree downlmk 
signals, which are radiated to die earth by L-band transmit antennas 128. 

T^e sateUite 25 also contains diree transparent payloads, each comprising a demulaplexer 
and down-convener 130 and an amplifier group 132 configured in a conventional "bem pipe- 
signal path which convens die frequency of input signals for retransmission. Thus, each satellite 
25 in the system 10 is preferably equipped with two types of communication payloads. The first 
rype of on-board processing payload is described with reference to Figs. 5, 6 and 7. The second 
type of communication payload is die transparent payload which convens uplink TDM earners 
from frequency locations in die uplink X-band speamm to frequency locations m die L-band 
downlink spectriim. The tiansmiued TDM stream for die tiansparem payload is assembled at a 
broadcast station 23, sent to die sateUite 25, received and frequency convened to a downhnk 
frequency location using module 130, amplified by a WTA in module 132 and transmitted to 
one of die beams. To a radio receiver 29, die TDM signals appear idenucal whedier they are 
from die on-board processing payload indicated at 121 or die transparent payload indicated at 
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133 The earner frequency locanons of eachtype of payload 121 and 133 are spaced on separate 
grids of 920 kHz spacmg which are interlaced between one another in a biseaed manner so that 
Te carrier locations ofan^of signals from both typesofpayloads 121 and 133 are on 460 

'^'"^'ite on-board demultiplexer and demodulator 122 wiU now be described in funher detail 
wii reference to Fig. 6. As shown in Fig. 6. SCPC/FDMA carriers, each of which :s designated 
wiA reference numeral 136, are assigned to groups of 48 channels. One group 138 Is shown m 
Fig 6 for illustrarive purposes. The carriers 136 are spaced on a grid of center frequenaes 
separated by 38 kHz. This spacing determines design parameters of the polyphase 
demultiplexers. For each satellite 25, preferably 288 uplink PRC SCPC/FDMA carriers can be 
received from a number of broadcast stations 23. Six polyphase demuluplexers and 
demodulators 122 are therefore preferably used. An on-board processor 116 accepts these PRC 
SCPC/FDMA uplink carriers 136 and convens them into three downlink TOM carriers, each 
carrying 96 of the PRCs in 96 time slots. 

The 288 carriers are received by an uplink global beam antenna 1 18 and each group of 48 
channels is frequency converted to an intermediate frequency (IF) which is then filtered to selea 
a frequency band occupied by that particular group 138. THs processing takes places m the 
reaver 120. Tl:e filtered signal is then suppUed ro an analog-to-digital (A/D) converter 140 
before bebg supplied as an input to a pol^hase demultiplex. 144. The demultiplexer 144 
separates the 48 SCPC/FDMA chamiels 138 into a time division multiplexed analog signal 
stream compnsing QPSK modulated symbols diat sequentially present tiae content of each of 48 
SCPC/FDMA channels at die output of the demultiplexer 144. -^s TDM analog signal str^ 
is routed to a digitally implemented QPSK demodulator and differential decoder 146 The 
QPSK demodulator and differential decoder 146 sequentially demodulates the QPSK modulated 
symbols mto digital baseband bits. Demodulation processing requires symbol timing and earner 
recovery. Since the modulation is QPSK, baseband symbols containing two-bits each are 
recovered for each carrier symbol The demultiplexer 144 and demodulator and decoder 146 wiU 
hereinafter be referred to as a demultiplexer/demodulator (D/D) 148. T^e D/D is preferably 
accomplished using high speed digital technology using the known Polyphase techmque to 
, demultiplex the uplink carriers 21. The QPSK demodulator is preferably a senally-shared 
digitally-implemented demodulator for recovering the baseband two-bit symbols. The recovered 
symbols 114 from each PRC carrier 110 are subsequentiy differentially decoded to recover the 
original PRC s^^bols 108 applied at tiie input encoders, that is, the chamiel distributors 82 and 
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98 in Fig 3, at the broadcast station 23. The satellite 25 payload preferably comprises six digitally 
implemented, 48 carrier D/Ds 148. In addition, two spare D/Ds 148 are. provided m the 
satellite payload to replace any failed processing units. 

With continued reference to Fig. 6, the processor 116 is programmed in accordance with 
a software module indicated at 150 to perform a synchronization and rate aligmnenr function on 
the time division multiplexed symbol stream generated at the output of the QPSK demodulator 
and differential decoder 146. The software and hardware components (e.g.. digital memoiy 
buffers and oscillators) of the rate aligmnent module 150 in Fig. 6 are described in more detail 
widi reference to Fig. 7. ITie rate aligmnent module 150 compensates for clock rate differences 
between the on-board clock 152 and that of the symboU carried on the individual uplink PRC 
carriers 138 received at the satelHte 25. Tlie clock rates differ because of different clock rates at 
differem broadcast stations 23, and different Doppler rates from differem locates caused by 
motion of the satellite 25. Clock rare differences attributed to the broadcast stauons 23 can 
originate in clocks at a broadcast station itself or in remote clocks, the rates of which are 
transferred over terrestrial links between a broadcast studio and a broadcast stanon 23. 

nie rate aligmnent module 150 adds or removes a "0" value symbol, or does neither 
operation m the PRC header pomon 112 of each 432 ms recovered frame 100. A "0" value 
symbol is a svmbol that consists of a bit value 0 on both the I and Q chamiels of the QPSK- 
modulated svmbol. The PRC header 112 comprises 48 symbols under nomial operaong 
conditions and consists of an inidal symbol of "O" value, foUowed by 47 other symbols. When 
the symbol times of the uplink clock, which is recovered by the QPSK demodulator 146 along 
with the uplink carrier frequency, and those of the on-board clock 152 are synchronized, no 
change is made to the PRCpreamble 112 for that paixicular PRC 110. When the arriving uplink 
symbols have a timing that lags behind the on-board clock 152 by one symbol, a "0" symbol is 
added to the stan of the PRC preamble 112 for the PRC currently being processed, yieldmg a 
length of 49 svmbols. When the arriving uplink symbols have a timing that leads the on-board 
clock 152 by one symbol, a "0" symbol is deleted at the start of the PRC preamble 112 of the 
current PRC being processed, yielding a length of 47 symbols. 

As stated previously, the input signal to the rate aHgmnent module 150 compnses the 
stream of the recovered baseband two-bit symbols for each received uplink PRC at their 
individual original symbol mes. There are 288 such streams issued from the D/D 148 
corresponding to each of the six active processors 116. Ue action bvolving only one D/D 148 
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For the rare differences andcipared over the system 10. the nm dmes between preamble 
112 modifications are relatively long. For instance, clock rate differences of ■ 
10-* wiU eUcit PRC preamble corrections on the average of one evet>' 123 PRC fr^es. The 
resulting rate adjustments cause the symbol rates of the PRCs 110 to be precisely synchronized 
to the on-board clock 152. This allows routing of the baseband bit symbols to the proper 
locations in a TDM frame. The synchronized PRCs are indicated generally at 154 in Fig. 6. The 
on-board routing and switching of these PRCs 154 into TDM frames will now be described wrth 

reference to Fig. 8. r i u 

_ Fig 6iUustratesPRCprocessingbyasingleD/D148.Similarprocessingisperfonnedby 

die oAer five active D/Ds on-board the sateUite. The PRCs emanating from each of the six 
D/Ds 148, having been synchronized and aHgned, occur in a serial stream having a symbol rate 
of 48 X 19,000 which equals 912,000 symbols per second for each D/D 148. The serial stream 
from each D/D 148 can be demultiplexed into 48 parallel PRC streams having rates of 19,000 
symbols per second, as shown in Fig. 7. The aggregate of the PRC streams coming from all six 
D/Ds 148 on-board the satelUte 25 is 288, with each D/D 148 carrying 19,000 sym/s streams. 
Hie symbols therefore have epochs or penods of 1/19,000 seconds which equals approximately 

52.63 microseconds duration. 

As shown in Fig. 8, 288 symbols are present ar the outputs of the six D/Ds 148a, 148b, 
148c, 148d, 148e and 148f for every uplink PRC symbol epoch. Once each PRC symbol epoch, 
288 ivmbol values are wriaen into a switching and routing memory 156. The contents of the 
buffer 156 are read into three downlink TDM frame assemblers 160, 162 and 164. Usmg a 
routing and switching component designated as 172, the contents of each of the 288 memory 
locations are read in temrs of 2622 sets of 96 s>^ols to each of die drree TDM frames m 
assemblers 160. 162 and 164 b an epoch of 136.8 ms which occurs once every TDM frame 
period or 138 ms. The scan rate or 136.8/2622 is therefore faster than the durauon of a symbol. 
Tht roudng switch and modulator 124 comprises a pmg-pong memory configuration indicated 
generally at 156 and comprising buffers 156a and 156b. respeaiveh^ The 288 uplink PRCs 
indicated at 154 are supplied as input to the routing switch and modulator 124. The symbols of 
each PRC occur at a rate of 19,000 symbols per second correaed to the on-board clock 152 
timing The PRC symbols are written in parallel at the 19,030 Hz clock rate into 288 posiuons m 
the ping-pong memory 156a or 156b serving as the input. At the same nme, the memory servmg 
as the output 156b or 156a, respectively, is reading the symbols stored in the previous frame into 
dre three TDM frames at a read rate of 3 x 1.84 MHz. This latter rate is sufficient to allow the 
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s^uluneous of three TOM parallel su-eaxns, one-d^eoed.o each of three bea^. 

Rouung of .he symbols to d.eir assigned bean, is cono^lled by a s>^bol rounng ^tch HZ 
r^s switch can a syn^ol :o any one, .wo or ^e of the IBM steams. 
™occursa:ara.eofl.84MsyWs.T.eoutpu: memory is clocked for an u^^^^ 

^ .d pauses for 1.2 ms :o aUow insertion of the 96 symbol MFP and 2112 symbo TSCC. 
Nored^a: for every ^01 thaus read into more one TDM s^eam, there. an off^^^^^^ 

uplink FDM PRC channel Aat is not used and is skipped. The ping-pong memory buffers 156a 
and 156b exchange roles from frame to frame vrathe switch components 158a arul 158b. 

With continued reference to Fig. 8, sets of 96 symbols are transferred to 262. 
correspondbg slots in each TDM feme. The corresponding symbols (i.e., the ith symbols) or 
.11 96 uplink PRCs are grouped together in the same TDM frame slot as illustrated by dre slot 
166 for svmbol 1. Tire contents of the 2622 slots of each TDM frame are scrambled by addmg a 
pseudorandom bit pattern to the entire 136.8 ms epoch. In addidon. a 1.2 ms epoch is appended 
at the start of each TDM frame to insert a master frame preamble (MFP) of 96 symbols and a 
TSCC of 2112 symbols, as mdicated at 168 and 170, respectively. The sum of the 2622 ume 
slots, each carrying 96 symbols, and the symbols for Ae MFP and TSCC is 253.920 s>^bols per 
TDM frame, resulting b a downlink symbol rate of 1.84 Msym/s. 

The routbg of the PRC symbols between the outputs of the sbc D/Ds 148A, USB, 
148C USD, USE and 148F and the inputs to the TDM frame assemblers 160. 162 and 164 rs 
controlled bv an on-board switching sequence unit 172 which stores instructions sent to rt over a 
command link from the SOC 238 (Frg. 12) from dre ground. Each symbol origuratmg from a 
seleaed uplink PRC symbol stream can be routed to a time slot in a TDM frame to e 
uansmitted to a desired destination beam 27. The method of routing is independent of the 
relationships between d.e dme of occurrence of symbols in varrous uplink PRCs and the 
occurrence of symbols b the downlink TDM streams. This reduces the complexrty of the 
satelHte 25 payload. Further, a symbol originating from a seleaed uplink PRC can be routed to 
two or three destination beams via the switch 158. 



^^A\n Receiver Operation . r c 

receiver 29 for use in the system 10 will now be described wrth reference to Frg. 
9 The radio receiver 29 comprises an radio frequency (RF) section 176 having an antenna 178 
for L-band electromagnetic wave reception, and prefiltering to selea the operating band o the 
receiver (e ^ 1452 to 1492 MHz). The RF section 176 further comprises a low noise ampbfier 
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180 which is capable of amplifying ±e receive signal with mimmum self-mtroduced no.e and of 
widxstanding interference signals that may come from another service sharing the operatmg band 
of the receiver 29. A mixer 182 is provided to down^onvert the received spectmm to an 
intermediate frequency (IF). A high perfonnance IF filter 184 seleas the desired TDM earner 
bandwidth from the output of the mixer 182 and a local oscillator synthesizer 186, which 
generates the mixing mput frequendes needed to down-convert the desired signal to the center 
of the IF filter The TDM carriers are located on center frequencies spaced on a gnd havmg 460 
kHz separations. The bandwiddv of the IF filter 184 is approximately 2.5 MHz. The separauon 
between carriers is preferably at least seven or eight spaces or approximately 3.3 MHz. The RF 
section 176 is designed to selea the desired TDM canrier bandwiddi ..th a mmimum of 
internally- generated Interference and distonion and to rejea unwanted earners that can occur m 
the operaring band from 152 to 192 MHz. In most areas of the world, the levels of unwanted 
signals are nominal, and typically the ratios of unwanted signals to desired signals of 30 to 40 dB 
provides suffidem proteaion. In' some areas, operations near high power transmitters (e.g.. m 
the vidniiy of terrestrial microwave transmitters for pubUc switdied telephone networi. or other 
broadcast audio services) requires a from end design capable of better proteaion ranos. The 
desired TDM carrier bandwiddi retrieved from the downlink signal using the RF secnon 176 is 
provided to an A/D convener 188 and then to a QPSK demodulator 190. The QPSK 
demodulator 190 is designed to recover the TDM bit stream transmitted from satellite 25. that is. 
via the on-board processor p^load 121 or the on-board transparent payload 133, on a seleaed 

carrier frequency. , rc • i 

Ue QPSK demodulator 190 is preferably implemented by first convertmg the IF signal 
from die RF secdon 176 into a digital representarion using dae A/D converter 188. and daen 
implementmg the QPSK using a known digital processing method. Demodulation pre erably 
uses symbol timing and canier frequency recover and decision circuits which sample and decode 
the symbols of die QPSK modulated signal into the baseband TDM bit stream. 

Hie A/D converter 188 and QPSK demodulator 190 are preferably provided on a 
chamiel recoverv diip 187 for recovering d.e broadcast channel digital baseband signal from the 
IF signals recovered by the RF/IF circuit board 176. TTie channel recovery cu-cuit 187 
comprises a TDM svndironizer and predictor module 192. a TDM demultiplexer 194, a PRC 
syndironizer aHgnment and multiplexer 196, the operations of which will be described in further 
detail in connection widi Fig. 10. The TDM bit stream at ti,e output of the QPSK demodulator 
190 is provided to a MFP syndironization correlator 200 in die TDM synchronizer and prediaor 
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Wule 192. The coxrelaror 200 compares the bks of d.e received stream to a stored partem. 
Wher, no signal has previously been present at the receiver, the correlator 200 f^ enters a 
search mode in which it searches for the desired MFP correlation pattern u^out any rm^e 
gating or apem^e limiution applied to its output. When the corxd^r discovers a correlauon 
Lent, it enters a mode wherein a gate opens at a time interval in which a next correl^on event 
is anticipated If a correlation event occurs again within the predicted tame gate epoch, the ume 
gating process is repeated. If correlation occurs for five consecutive time frames, for example, 
synchronization is declared to have been detemi^ed in accordance with the software The 
synchronization threshold, however, can be changed. If correlation has not occurred or the 
™^ number of consecutive time fnunes to reach ti.e synchronization d^eshold, the 
correlator continues to search for the correlation pattern. 

Assummg that synchronization has occurred, die correlator enters a =ynchromzanon 
:x.ode in which it adjusts its parameters to maximize probabiHty of continued synchromzauon 
lock. If correlation is lost, the correlator enters a special prediaor mode in which it conunues to 
retain synchronization by prediction of the arrival of the next correlation event. For short signal 
dropouts (e.g., for as many as ten seconds), die correlator can maintain sufficiendy accurate 
synchronization to achieve virtually instantaneous, recovery when ti.e signal returns. Such ^pd 
recovery is advantageous because it is important for mobile reception conditions. If after a 
specified period, correlation is not reestablished, ti.e correlator 200 returns to the seard. mod. 
Upon synchronization to ±e MFP of ti:e TDM frame. ti.e TSCC can be recovered by die TDM 
demultiplexer 194 (block 202 in Fig. 10). Ue TSCC contabs infomution ident^g ti.e 
program providers carried in the TOM &ame and m which locations of d>e 96 PRCs each 
program provider's channel can be found. Before any PRCs can be demultiplexed from the 
TDM frame, ti.e portion of ti.e TOM frame carrying d.e PRC s>.nbols is preferably 
descrambled. is done by adding the same scrambling pattern at Ae receiver 29 that was 
added to the PRC portion of die TOM frame bit stream on-board die satellite 2.. This 
scramblingpaaemissynchronizedbytiaeTOMframeMFP. 

The symbols of die PRCs are not grouped contiguously in die TOM frame, but are 
spread over die frame. There are 2622 sets of symbols contained b die PRC portion of die 
TOM frame. In each set, diere is one ^bol for each PRC in a position which is numbered m 
ascending order from 1 to 96. Thus, aU symbols belonging to PRC 1 are in die first posiuon of 
all 2622 sets. Symbols belonging to PRC 2 are in die second position of all 2622 sets, and so on. 
as shown b block 204. This arrangement for numbering and locating die symbols of the PRCs 
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in d.e TDU fome, in accordance ^th the present invennon. —es the size of the memo^^ 

for perfornun, the switching and rouung on-board the satdlite and for den.« . ^ 

«ceL AS she. . H, 9. the TSCC is recovered from.the TDM ^e-^^P^-J^^^ 
p^vided to the controUer 220 at the receiver 29 to recover thenPFaforapan^cular broadcast 

Innel. synods of d.e n PRCs associated with that broadcast channel are extraaed from 
d.e unscrambled TDU frame ume slot locauons idendfied ^ the TSCC 'H.s assoaat,on. 
performed by a controller contained b d.e radio and is indicated generally at 20o m Rg lu. The 
controUer 220 accepts a broadcast selection idendfied by the radio operator combmes tbs 
selection with the PRC infom>ation contained in the TSCC and extraas and reorders the 
symbolsofdiePRCsfromtheTDMframetorestorethewPRCs. ^, . . 

With reference to blocks 196 and 206. respecdvely, in Figs. 9 and 10, the symbols of each 
of the n PRCs (e.g., as indicated at 207) associated w.d. a broadca. channel (e.g., as micated at 
209) seleaed bv the radio operaK,r .e remuldplexed into an FEC-coded broadcast channel ^C) 
format Before the remultiplexing is accomplished, the « PRCs of a broadcast channe are 
realigned. Realignment is useful because recloddng of s^^ol dming encounte.d m 
n^tiplexing, demuldplexing and on Wd rate aligmnent b passage over the end-to-end hnk m 
system 10 can btroduce a shift of as many as four symbols b d:e relative ahgnment of ^e 
recovered PRC fnmes. Each of the n PRCs of a broadcast channel has a 48 symbol preamble, 
foUowed by 8160 coded PRC sH^ols. To recombbe these « PRCs bto the ^-^--f^-f ' 
synchronizauon . performed to d.e 47, 48 or 49 symbol header of each o the PRCs. The 
length of d.e header depends on the umbg aUgnment performed on the uphnk PRCs on th 
satelHte 25. Synchronizauon is accomplished usbg a preamble correlator operaung on the 47 
most recendy received symbols of d:e PRC header for each of the n PRCs. TT.e preamble 
correlator deteas bcidents of correladon and emits a sbgle s>^ol duranon correlation spJ.. 
Based ondierelativedme of occurrenceofthe correlation sp^es for d^enPRC^assoa^^^^^ 

die broadcast channel, and operadng in conjuncuon widi alignment buf^rs havmg a width of 
four sj^bols. the ^bol content of die n PRCs can be precisely aligned and remulup exed to 
recover die FEC-coded broadcast channel. RemuMplexbg of die n PRCs to reform dte FEC- 
coded broadcast channel preferabfy re^es that the s^ol spreading P^^^ ^^^^^^^^ 
, broadcast stauon 23 for demultiplexing die FEC-coded broadcast channel into d.e PRCs 
performed m die reverse order, as bdicated b blocks 206 and 208 of Fig. 10. 
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H, n itaes how a b^ados. ch»».l. co»pri»8 four PRCs, fo, ^ . 
«„vJa. .he receive *l.d,«6i.Fis.* A> ^= d^odola^d PRC. sh^ _ 

, d» » PRO cons*™^ . b»d=» 71,= fc» »p in ,»>v^ . » 

c„„»,ofd,.»PRC.«i.donebyas„o(HPOb„if»,^h.™s.l.nS*«f^»A^ 
™ of vamdon. Each PRC has » o»n buKe, 222. Each PRC « te suppkd » a PRC 
h.lcon*«=r226d,a.d»™m-hci.»a».ofa,rival. The arfval a>a Ac-n by a 

co^ladoo .pfc 224 f„ each of 4= four PRC in d,e ill.»adon. Wrid»s TO 
„ bofter 2^2 i»n,=diariy follo.insd.= of »:r=l»» and ocndmes d»«af.« umJ *= end 
of d,e f™,=. To align d.e syn-boU » d,e PRC ,ead»8 (R) from all of .he buffer, ffi »ns « 
d,e i^ran. of d,e c»eladon even. eause. ^ symboU of all PRO « be 

^ehronou* r^d our in paralld at the buffer 222 ou,p»= (bbck 206). Ue r=akp«l symbol 
S are „»a'muldple»d via . muldple»r 230 mo a single s«Hal s»=». d» is d.e recover.^ 
,5 eodedbroadc.s,chann=1232(bloek208). Due ,o on-board elods 152 ,a„ alig^nen. d.e len# 
of d,. PRC header may be 47, 4! or 4, symtols long. This vari«ion is d™n.«d m jhe 
eor™l.or 226 bv using oriy d,e las. 47 symboU » arrive » derea d,. co.r=Won even.. These 
,7 symboU are specially seleced to yieUopd«um=o,«l.uo„d=uc«,n. 

Wid, reference » block 198 a»J 210 of Figs. 9 and 10 n=pecBvely, ie FEOcodrf 
b.»dcs, ch,™.cl i, subse^uendy provided .o d,e PEC pn,cess«g module 210. Uo. of d,e 
errors encoun^ed in »ansnussion be»een d,e iocauon of d.e coders ^ *e decoder .s 
correced by FEC processh^ EEC processbg preferably employs a V,.,b, Trelhs Decode, 
followed by deinrerleavurg and d,e. a Reed Solomon decoder. FEC processmg recover 
original broadcast cham,el comprising « x 16 kbps ch»nel increment ».d ,.s » x 224 b,. SCH 

" '^'Z „ X .6 ftps segmem of d,e b^adcas. channel is pn^ .o a decoder such as 
MPEG 2.5 Layer 3 source decode, 214 for conversion back «. audio signals. Thus, recover 
processhrg is a^Sable u»g a lo. cos. for broadcas. channd rece^on from 
Since d,e oansmissio.s of d.e broadcast p^grams via sa,elli«s 25 .s drg^l. a »' 

,„ services are supponed by d,e sys«m 10 wMch «e also expressed in drgna^ forma. As ^ 
reviously, d,e L <^ in d.e broadcas. cham.els provides a con^ol chamrd for a w.de 
U of hnure ser^ce opd.ns. Th«, c.p se. can be p.duced .0 ^ ™en. *™ 
opuons by making d,e en„e TOl bi. s..am and « ra. d«nodul«ed fon«r, d,e 
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demuldplexed TSCC infomiarion bits, and the recovered error correaed broadcast channel 
available. Radio receivers 29 can also be provided with an identification code for uniquely 
addressing each i^dio. The code can be accessed by means of bits carried b a channel of the 
SCH of the broadcast channel. For mobile operation using the radio receiver 29 in accordance 
with the present invention, the radio is configured to predia and recover substantially 
instantaneously the locations of MFP correlation spikes to an accuracy of l/4th symbol for 
mtervals of as many as ten seconds. A symbol riming local oscillator having a short time 
accuracy of better than one part per 100,000,000 is preferably installed in the radio receiver, 
particularly for a hand-held radio 29b. 

System for Managing Satellite and Broadcast Stauons 

As stated previousl)', the system 10 can comprise one or a pluxaliiy of satellites 25. Fig. 12 
depias three satellites 25a, 25b and 25c for illustrative purposes. A system 10 having several 
sateUites preferably comprises a plurality of TCR stations 24a, 24b, 24c, 24d and 24e located such 
thai each satellite 25a, 25b and 25c is in line of sight of t^'O TCR stations. The TCR stauons 
referred to generally with reference numeral 24 are controUed by a regional broadcast control 
facility (RBCF) 238a, 238b or 238c. Each RBCF 238a. 238b and 238c comprises a sateUite 
control center (SCQ 236a, 236b and 236c, a mission control center (MCC) 240a, 240b and 240c. 
and a broadcast control center (BCC) 244a, 244b and 244c, respectively. Each SCC conu^ls the 
sateUite bus and the communications payload and is where a space segment command and 
control computer and manpower resources are located. The facility is preferably manned 24 
hours a dav bv a number of technicians trained in in-orbit satellite command and control. The 
SCCs 236a, 236b and 236c monitor the on-board components and essentially operate the 
corresponding satellite 25a, 25b and 25c. Each TCR station 24 is preferably conneaed directly 
to a corresponding SCC 236a, 236b or 236c by full-time, dual redundant PSTN circuits. 

In each of the regions serviced by tiie satellites 25a, 25b and 25c, the correspondmg 
RBCF 238a, 238b and 238c reserves broadcast chamiels for audio, data, video image semces, 
assigns space segment channel routing via the mission conaol center (MCC) 240a, 240b. 240c. 
validates the deUvery of the service, which is infomution required to bill a broadcast service 
provider, and bills the service provider. 

Each MCC is configured to program the assignment of the space segment channels 
comprising uplink PRC frequency and downlink PRC TDM slot assigmnents. Each MCC 
perfomis both dvnamic and static control. Dynamic control involves conn-olling ume wmdows 
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for assigrunen., d:a: is, assigning space segment u.ge on a -n.on.hly. weekly and da^ bas. 
Suuc con.ol evolves space segmen: assignn^en. d.. do no. va^ on a .ond^ly. weekly ^d 
daily basis. A sales office, which has personnel for selling space segment capaoty at the 
corresponding RBCF, provides the MCC with data indicating available capacity and mstmcuons 
to seize capacity that has been sold. Tl.e MCC generates an overall plan for occupymg the nme 
and frequency space of the system 10. Tl^e plan is then conveaed into instmaions for the on- 
board routing switch 172 and is sent to d.e SCC for transmission to the satellite. The plan can 
hHdatedaldtransmittedtothesate^epreferabVonce every 12 hours.^ 
and 240C also monitors the satelHte TDM signals received by correspondkg channel system 
monitor equipment (CSME) 242a, 242b and 242c. CS^ stations verify that broadcast stauons 
23 are deUvering broadcast channels widiin specifications. 

Each BCC 244a, 244b and 244c monitors the broadcast eanh stations 23 in its region for 
pn^per operation within seleaed frequenc^ power and antenna pointing tolerances. Hie BCCs 
L also connea widi corresponding broadcast ^ons to command malfuncuomng stauo^ 
off-the-air. A central facility 246 is preferably provided for technical support services and back- 
up operations for each of the SCCs. 

Si^ahnePrc^ocol^^^ ^ ^^^^^^^ ^^^^^^^ ^^^^^^^ ^^^^^ 

broadcast to the radio receivers 29 is formaued into a wavefonn in accordance with a signahng 
protocol which presents many advantages over exisdng broadca. systems. Hie processing of 
Loirnauonforbroadcasttians™andrecepdonissummanzed^Fig.l3wh^^^ 

broadcast se^ent 250, a space segment 252 and a radio segment 254 of a satel^te ^ect ra4o 
broadcast system 10 const^d b accordance ^th a preferred embod^ent of the present 
invention. Both the service layer and the transport layer of the ^stem 10 is described below. 

With regard to the broadcast segment 250. a number of steps in the formatting 
procedure are similar to those described previously herein. For exampl. the demulnplexmg 
O^lock 256) of encoded and interleaved broadcast channel bit streams and the addition of pnme 
L channd preambles (block 258) to generate the prime rate channels, which are tra^^^^^ 
frequent division multiplex uplinks toasatemte25,is similar to the process descn^^^ 
colection with Figs. 3 and 4. The process of generating a bit stream from different sei^ 
components (e.g.. service components 260 and 262) by adding a service con.ol header (SCH) 
.64. scrambling the bit stream 266. and encoding the bit stream for foiward error correcaon 
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(FEC) (block 268), however, wiU now be described in connection wid> Figs. 13, 14 and 15 which 
to a preferred embodin^enc of the present invention. Encrypuon (block 265) wdl also be 
discussed in connecdon widi the SCH and Table 1. 

In accordance widi the present invention, a broadcast service can bclude, but is not 
tod to, audio, data, static in^es. dynamic inuges. paging signals, text, messages and 
panographic symbols. A service can be composed of several service components. Jlustrated by 
service components 260 and 262 b Fig. 13. which are delivered by a service provider. For 
example, a first service component can be audio, while a second service component can be t«ct 
for display on a screen at the radio receivers or image data relating to the audio broadcast. In 
addidon,'a sendee can consist of a single sendee component or more than two sen.ce 
components. The sendee 261 is eombmed with a SCH 264 to create a sendee layer tor the 
broadcast segment. The allocation of sendee components (e.g.. sen,iee components 260 and 
262) widxm dxe sendee 261 is dynamically controlled by the SCH in accordance wiA ti.e present 
invention. As described above in connection witi. Fig. 4, a broadcast channel bt stream 
preferably has a frame period of 432 milliseconds. The SCH 102 b Fig. 4 has n x 224 bus, and 
tiae sendee 104 comprises « x 6912 bits, for atotal of n x7136 bits per frame 100. The numeral n 
is the overall bit rate of the sendee divided by 16,000 bits per second (bps). ■ 

As stated previously, sendee components of a sendee 261 can carry audio sen.ce or 
digital sendee. The sendee component bit rate is preferably divisible b multiples of 8000 bps 
and is between 8000 bps and 128.000 bps. When tire sum of tire bit rates of aU of tire sen.ee 
components b tire sendee 261 is lower tiran tire bit rate of tire sendee 261, tire remabmg brt rate 
is frUed widr a paddmg service component. Thus, tire paddbg sendee component brt rate rs 

n X 16.000 - n »0 X 8000 m bps 
Where i rs tire i"'^ sendee component of a semce mcludbg sendee components witir 1 > = r^ 
- , n(i) is the bit rate of the i^ semce component divided by 8000 bps and n is tire sen.ee brt 

rate divided bv 16,000 bps. 

Widr reference to Fig. 14. tire sen^ice components and tire paddbg sendee component, rf 
any.^e preferably muMplexedwitirbtire432 milHsecond period of tire frame 100.^^^^ 

104 of tire 432 millisecond frame period comprisbg dre-sendce 261. as opposed to tire SCH 102, 
.s preferably divided bto 432 data fields. Each field 270 is provided widr preferably 8 brts frorn 
each of tir^ sendee components n(l). n(2) ... n(NJ and any paddbg sendee component «(p), 
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thereby multiplexing N. semce components and the padding: service component, if any, which 
compose the service 261. ITius, the bits of each service component are spread across the entire 
fn^e. Interleaving of service components within each broadcast frame is advantageous when 
burst errors occur. Only a small amount of an mterleaved component is lost as the result of a 
burst error, as compared with the loss of a larger ponion of a sendee component thai has been 
merely time division muHplexed within a broadcast channel frame and not mterleaved. 

Audio service components are preferably digital audio signals compressed m accordance 
with the Motion Pictures Expen Group (MPEG) algorithms, such as MPEG 1, MPEG 2, 
MPEG ^ 5, MPEG 2.5 layer 3, as well as extensions for low sampling frequencies. MPEG 2.5, 
laver 3 encoding is panicularly useful for providing good quaHty audio at 16 and 32 Kbps. Layer 
3 coding adds more spectrum resolution and entropy coding. The digital audio signals preferably 
have a bit rate multiple of 8000 bps and can be between 8000 and 128,000 bps. Possible 
sampling frequencies for audio service components of the present invention are 48 kHz or 32 
kHz as defined bv MPEG 1. 24 kHz orl 6 kHz as defined by MPEG 2. or 12 kHz and 8 kHz as 
defined by MPEG 2.5. The sampling frequencies are preferably synchronized to the service 
component bit rate. The framing of the MPEG encoder is synchronized to the SCH Thus,the 
first bit of the audio service component within die broadcast channel frame 100 is the first bit of 

the MPEG frame header. 

Digital service components include other types of services which are not audio services, 
such as image, audio services which do not comply with the charaaeristics described above in 
comiection with audio service components subjeaed to MPEG encoding, paging, file transfer 
data, among other digital data. Digital service components have bit rates of multiple of 8000 bps 
and can be ben^-een 8000 and 128,000 bps. Digital service components are formatted such that 
it is possible to access the service 261 using data fields defined in the SCH. The SCH data fields 
are described below in connection with Table 1. 

-nie SCH comprises four types of field groups, that is. a Service Preamble, Service 
Control Data, Service Component Control Data and Auxiliary Services. In accordance with the 
presem invention, the content of the SCH comprises data as shown in Table 1. 



TABLE 1 .SERVICE CONTROL HEADER 


Field Group 


Field Name 


Length 
(bit) 


Contents 



BNSDOCID: <WO 9926368AlJ_> 



SUBSTITUTE SHEET (RULE 25) 



"wo 99/26368 



PCT/LIS98/23595 



29 



TABLE 1 - SERVICE CONTROL HEADER . 


Field Group 

Service Preamble 

Service Control 
Data 


FieldName 

Service Preamble 
Bit Rare Index 

m 

{BRI»n) 


Length 
(bit) 

20 

4 


Contents 

0474B(hex) 

Service bit rare divided by kbps 
0000: no valid data 
0001: 16 kbps 

1000: 128 kbps 

1001 - nil; Reser\^ed for Future 
Use(RFU) 


Service Control 
Data 


Encryption Control 


4 


0000: no encrypuon 

0001: static key 

0010: ESI, common key, 

subscription period A (UC set A 

shall be usec^ 

0011: ESI, common key, 

subscnpuon penod B (UC set d 

shall be used) 

0100: ESI, broadcast channel 
specific key for subscription period 
A (UC set A shall be usec^) 
0101: ESI, broadcast channel 
spedfic key for subscription period 
B (UC set B shall be used) 
else:RFU 


Service Control 
Data 


Auxiliary Field 
Content Indicator 1 
(ACU) 


3 


00(hex): not used or not known 
01(hex): 16 bit encryption key 
seleaor 

02(hex): RDS PI code 
03^ex): Associated Broadcast 
Channel reference (PS Flag and 
ASP) 

04Mto^^(^^)=^ 


Service Control 
Data 


Auxiliary Field 
Content Indicator 2 
(ACI2) 


7 


00(hex): not used or not known 
Oljiex): 64 bit encrypuon key 
selector 

02(hex): service label; ISO-Latin 1 
based sequence 
03(hex)to7F(hex):RFU 


Service Control 
Data 


Number of Service 
Components (N J 


3 


000: One Service Component 
001: Two Service Components 

111: Eight Service Components 
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TABLE 1 - SERVICE CONTROL HEADER 


Field Group 


Field Name 


. Lengdi 
(bit) 


Contents 


Service Conrrol 
Data 


Auxiliary Data Field 1 
(ADFl) 


16 


Data field, with content defined by 
AQl 


Service Control 
Data 


ADF2 mulnframe 
Stan Flag (SF) 


1 


1: first segment of the mulrifirame, 

or no multi&ame 

0: intermediate segment of the 

muhifiname 


Service Control 
Data 


ADF2 Segment Offset 
and Lengdi Field 
(SOLF) 


4 


IfSF= 1 (first segment); 
SOLF contains the total number of 
segments of the multifi:ame minus 
1. 

0000: one segment mulrifirame (or 
no multiframe) 

0001: two segments multifirame 

1111: 16 segments multiframe 
If SF « 0 (intermediate segment); 
SOLF contains the segment offset. 
SOU values are U total 
number of segments of the 
multiframe -1. 


Service Control 
Data 


Auxiliary Data Field 2 
(ADF2) 


64 


Data field, contents defined by 
ACI2 


Service 
Component 
Control Data 


Service Component 
Control Field (SCCF) 




Each service comporient has a 
SCCF; see Table 3 for SCCF 
content 


Auxiliary Service 


Dynamic labels 


variable: n 
224 -128 
-N,*^32 


Byte stream j 



The Service Preamble is preferably 20 bits long and is selected to have good 
synchronization qualities during, for example, implementation of auto-coirelation toques. As 
shown in Table 1, the Service Preamble is preferably 0474B hexadedmaL The SCH also compr^es 
abit rate index (BRJ), which is preferably4bits in lengdi andindicares the service bit rare divid^^ 

kilobits per second. For example, "OOO" can be used to indicate that no valid data (e.g., paddmg 
data that is to be ignored) is being transmitted in the cunrent frame. A "0001" can be used to 
indicate a BRI of 16 kbps, whereas " 100(B)" can indicate a BRI of 128 kbps. Accordingly, the BRI 
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indicates the number of 16,000 bit per second components which compose a broadcast channel 
fcimelOO. -meSCHprefenblyalsocomprisesafieldforenayptionconrrol. For example, one 4- 
bit value can be used to indicate that no enayption was used on the digital infomianon m the 
service 104 part of the current frame ICC corresponding to the SCH 102. Other 4.bit binary values 
can be used to indicate when a pamcular type of key has been used to encrypt broadcast channel 
data. Common k^s can be employed for encryption, as weU as specific keys for encrypmrg a 

particular broadcast channel. 

In accordance with an aspea of the present invention, the SCH 264 can be provided wrth 
an auxiliary data field (ADFl) and an auxiliary field contents indicator (ACIl) to allow a servrce 
providertocontrolspedficfuncuonaUues associated wichitsser^ce261. Tire ADFl and ACIl can 
change from broadcast frame 100 to broadcast frame 100 at dre service provider's discreuon. The 
ACIl contents are preferably an encryprion key seleaor, a standardized radio data system or RDS 
code (e.g., a RDS PI code) and data for referencing associated broadcast channels. 

For encryprion applicarions, two different keys can be employed, that Is, a key having a 
length of 16 bits for minor security and another key having a length of 64 bits for higher security. 
Depending on which key is indicated in the ACIl, the actual 16-bit key is transported m the ADFl 
fidd, while the actual 64-bit key is transported in another auxiliary data field described below and 
referred to as «ADF2". Use of dre 16-bit key or dre6^bit key is seleaed by the servrce provider. It 
is possible to change the key's bit lengdr from broadcast channel frame 100 to broadcast channel 
frame 100, as desired by the service provider. Tire key seleaor in dre ACIl field can be, for 
example, an over-dre-arr code of a deayprion key consrsung of drree parts: a user code for 
individualizing die user of the service, a hardware code for uniquely identifying dre radio and an 
over-die-air code or key seleaor (KS). Decryption of an enaypted service is dieref ore only possible 
^en all diree co-parts are used togoher. Tire radio data system code (e.g., RDS PI code) is 
currendy used for frequency modulation or FM broadcasting. To prepare for smiulcast of a 
program over FM airway frequencies, die RDS PIcode is provided indie ADFl field by die service 

^"^^ accordance widi an aspea of die present invention, a service 261 in a broadcast channel 
can be designated as a primary service of a multi-broadcast channel service. Accordmgly, die 
effeoive bandwiddi of a service 261 can be expanded by using die bandwiddi of secondary services 
associated wirii die primary service. Togedier widi die primary service, odier broadcast channels 
carry die associated secondary services which can generally be received only by properly eqmpped 
radio receivers 29 (i.e., receivers equipped widi more dian one channel recovery device). TlieADFl 
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field is provided v/ihinfommion .odisdnguish between prirn^ and secondaiy services, -nusdaia 
preferably comprises a prinuiy/secondary flag or PS flag and an Associated Ser^nce Pointer (ASP) 
field. The PS flag is preferably set to a 1(B) when the service 261 in the &ame 100 belongs to a 
primao' service, and is set to a 0(B) when the service 261 is not a primary service. In other words, 
the primary service is carried in the feames of another broadcast channel Tlie PS flag values and 
the ASP are indicated b Table 2 



TABLE 2 - AUXILIARY DATA FIELI 




Assignment 


Length (bit) 


Contents 


Not Used 


4 


OOOC 


Primarv/Secondaiy Flag (PS 
Flag) ' 


1 


1: pnman' componem 
0: Not primaiy 


Associated Service Pobter 
(ASP) 


11 


000(hex): No link to other 
service 

else: Broadcast Channel 
Identifier of associated 
service (Refer to Time Slot 
1 Control Channel) 



Thus the PS flag in the ADFl of a SCH can be 0(B) if the service 261 is the component of a 
, 0 secoildaiy service, or there are currently no primary and secondaiy services being transmitted When 
a broadca^ channel comprises a primary service, the ASP in the ADFl field of the SCH of the 
Wes 100 in the broadcast channel is provided with a broadcast channel idenufier (BCID) of a 
secondarvservice. Hie BOD is described in farther detail below. Tlie ASP field in the ADFl field 
of the SCH comprising the secondary service is provided widi the BCID of the next secondaiy 
15 service, if more than two secondaiy services are associated with the primary service. Tlie ASP is 
otherwise provide widi die BCID of die primaiy service. Furdier, the PS flag in die ADFl field of 
the SCHs of the frames 100 of other broadcast channels which comprise components of the 
secondary ser^•ices is set to 0(B). Th. primaiy and secondaiy channels can be received by radio 
receivers 29 which are equipped widi more than one channel recovery device. For example, these 
20 radio receivers can playback an audio program received on a first channel and a related video 
program received on another channel. 

In accordance widi anodier aspea of the present invention, another auxiliary dau field 
referred to hereinafter as ADF2 and an auxiliary field content bdicator for die ADF2, hereinafter 
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refe.edcoastheAa2,isprovidedbd.SCH102ineachfen«100ofasmgleb^^^^ 
,0 rransmk mto infonnanon in rhe ADF2 in other broadcast channel femes 100 The 
segments comprising the muldfnme infonn^on need not be in continuous broadcast channel 
fon^. T^e ACI2 comprises bits to indicate which of a number of 64 bit enoypuon key. .s 
provided b ADF2, as described above. Tke ACI2 can also be provided ^ a serv.ce label, 
such as an Intemadonal Standards Or^on label (e.g., as an ISO-Ladn 1-Based Sequence). The 
ADF2 comprises a start flag (SV) and a Segment Offset and Lengd. Field (SOOO, as inic^d . 
Table 1. The SF is prefenbly 1 bit and is set to a fir^ value such as « 1" the ADF2 compnses d.e 
first segment of a mulnframe sequence. The ADF2 SF is set to "0». for example, to bdicate d.at 
die contents of die ADF2 is an intemediate segment of a mulnframe sequence. The SOLF :s 
pref erablv 4 bits in lengd. to bdicate which of a total number of multiframe segments is presend)^ 
provided in die ADF2 field. The SOLF can serve as an up-counter to indicate wbch of die total 
number of muldframe segments is currendy being transmitted b die ADF2. THe second au^dhary 
data field ADF2 is useful, for example, to tran=^t text messages along widi die radio broadcast. 
Thetextmessa§escanbedisplayedonadisplaydeviceatdieradioreceivers29. 

Widi continued reference to Table 1. die service control header is also provided wrii 
infonnanon to control die recepdon of die bdividual service components. widib a broadcast 
channel frame at die ndio receivers 29. The SCH is provided widi a Number of Service 
Components (N J field to bdicate die number of service components (e.g.. service components 
260 and 262 b Fig. 13) which consdrute die service pordon 104 (Fig. 4) of a bit stream frame 
100 generated at a broadcast stadon 23. The number of service components Nsc is preferabty 
represented b die SCHusbg 3 bits. Accordbgly, b accordance widi die preferred embodiment, 
a frame can have as many as eight service components. T^e paddbg bits, diat is, die pading 
service component is preferably not bcluded b die N^c parameter b die SCH. The SOiis 
fuxdier provided widi a Service Component Control Field, herebafter referred to as die SCCF, 
which compnses data for each component b die SCH TTie SCCT is preferably x 32 hts ui 
lengdi for each SCH. As stated above b connecdon widi Fig. 14. each broadcast channel frame 
100 can compnse two or more service components which are multiplexed b each of a plurahty 
of data fields 270. Widi reference to Table 3, die SCCF comprises data for each service 
component b die SCH to facilitate die demultiplexmg of die service components by die radio 
receivers 29. In odier words, die SCH comprises a SCCF for each service component. In 
accordance .^di die present embodbient, die SCCF is die only part of die SCH diat is specific 
to each service component. 
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pT P ^ . SFRVICE COMPONENT CONmOL FIELD 


rieiG name 


Leneth (bit) 


Contents 


SC length 


4 


Bit rate of the service component divided by 8 kbps: 
0000: 8 kbps 
0001: 16 kbps 

nil: 128 kbps 


SC type 


4 


Type of service component: 

0000: Mi r-tj coQCQ aucuu 

0001: general data (no specified format) 

0100: JPEG coded picture (TBC) 

0101: low bit rate video (H.263) 

nil: invalid data 

else:RFU 


Encryption flag 


1 


0: Not encrypted service component. 
1: encrypted service component. . n t. it 
Note: If Encrypuon Control = 0, the encrypuon nag snau 
be ignored 


Program type 


15 


Type of music, speech, etc 


Language 


8 


Service component language 



As shown in Table 3, each SCCF comprises a 4.bit service component or SC length field 
to indicate the bit rate of the service component divided by 8000 bps. For example, "0000(6)" 
can represent a SC length of 1 x 8000 bps, while •■1111(B)" can represent a SC length of 16 x 
8000 bps or 128,000 bps. The SC length field is important for demultiplexmg at the radio 
receivers 29 since, without knowledge of the service component me, the radio receivers 29 have 
no other means besides the size of the data fields 270 (JFig. 14) for determining where service 
components are located throughout a frame 100. Another fieldprovided in each 32-bit SCCF is 
the SC Type field which is also preferably 4 bits in length. The SC Type field identifies the type 
of semce component. For example, a "0001(B)" can represent a semce component m the 
service portion 104 of a frame 100 which is MPEG-coded audio. Other binary numbers can be 
used in the SC Type field to indicate a service component as being a FEG-coded picture, low 
bit rate video (e.g., CCTTT H263 standard video), invaUd data (i.e., data that should be ignored 
bv the receivers 29) or other type of audio or data service. A 1-bit encryption flag is provided ui 
Ae SCCF to indicate whether or not a paiticular service component has been encrypted. The 
SCCF for each service component is also provided widi a Program Type field comprising bits 
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for identifying the type of progrm to which the service component belongs, and a Language 
field comprisbg bits to specify the language in which the program was produced. Program type 
can include, for example, music, speech, advertising for banned products and services, among 
others. Thus, countries which ban the use of alcohol can use the Program Type field to block the 
reception of alcohol-related advertisements transmitted by the broadcast stations 23 by 
programming receivers 29 to ignore broadcast data having a particular Program Type field code. 

In accordance with the embodiment of the present invention described with reference to 
Figs 13-15 and Tables 1-3, each broadcast chamiel from a broadcast surion 23 can have more 
dun one service component (e.g., components 260 and 262). Ue waveform and signahng 
protocol of the present invention is advantageous for a number of reasons. First, the services 
261 transmitted from different broadcast stations 23 need not be synchromzed to the same 
single bit rate reference because each PRC is provided with a header which aUows rate alignment 
on-board the satellite 25. Thus, the broadcast starions 23 are less compHcated and less expensive 
because they need not be equipped with the ability to synchronize to a sbgle reference source, 
■nie bits of each of the service components are multiplexed, that is, interieaved across an entire 
frame 100 to spread the service components over the entire frame ICO. Thus, if a burst error 
occurs,forexample,onlyasmaUportionoftheservicecomponentsarelost. , 

As stated previousfy, the SCH comprises four different types of field groups, three of 
which have been previously described. The auxiUaiy service-type field group compnses a 
dynamic label bvte stream of variable length. The length of the dynamic label byte stream is 
preferablv « x 224-128-N. x 32. The dynamic label byte stream is a serial byte stream used for 
transmitdng auxiliary infomiauon. The dynamic labels can comprise text or radio screens and 
represent a general purpose serial byte stream. In other words, a d™ic label byte occurs over 
die entire broadcast chamiel, as opposed to being tuned to a parricular service. For example, the 
dvnamic label byte stream can transmit a menu of services for display on a screen at the radio 
receivers 29. Thus, the dynamic label byte stream represents another mediod in accordance with 
the present invention to communicate with a radio receiver outside the service portion 104 of 
each broadcast frame 100, along with the auxffiary data fields ADFl and ADF2 described above. 

_ Fig 15 provides a more detailed illustration of the components 261, 264, 265 and 266 
provided b die service layer of the broadcast segment 250 depiaed b Fig. 13. As shown m Fig. 
15 a broadcast chamiel consists of one or more service components bdicated generally at 272 
which are combbed, as bdicated at 274. Selected service components can be encrypted, as 
bdicated at 276, before a SCH 278 is appended to the service bfomiation. As descnbed m 
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connection with Table 1, the SCH 278 comprises a service preamble 280. The SCH 278 
• comprises service component control data 282, including the SCH field indicating the number of 

service components within a 6^e and the service component control field or SCCF. Service 
connol data 284 generally bdudes the SCH fields comprising^e BRI and encryption control. 
Finally, the SCH 278 provides auxiliary services 286 which include the auxiliary daia fields ADFl 
and ADF2 and their associated fields ACIl and ACI2, respectively, as well as the start flag and 
SOLF corresponding to the data field ADF2. Auxiliary services 286 also comprises the dynamic 
label byte stream available in the SCR The auxiliary services 286 provide means to 
communicate ^'ith r^dio receivers via several fi^es within a broadcast channel, as is the case 
) with auxiliary- data field ADF2, widiin the SCHs of two or more broadcast channels, as is the 
case with the auxiliaiv data field ADFl, and across the entire broadcast channel, as is the case of 
the dynamic label h-te streams. The service information and the appended SCH is subsequently 

scrambled, as indicated by 288. 

A pseudor^dom sequence (PRS) generator or scrambler 290, such as that shown in Fig. 

5 16. is preferably used to randomize the data of a broadcast channel The scrambler 290 is 
preferably used even when a service is encrypted. The scrambler produces a pseudorandom 
sequence that is bit-per-bit modulo 2 added to the broadcast channel frame sequence. The 
pseudorandomsequencepr.ferablyhasagener^edpolynomialX' + 1. The pseudorandom 
sequence is initialized at each frame 100 with the value lllllllll(binary) which is appUed to the 

!0 first bit of a frame 100. Thus, the scrambler 290 generates a reproducible random bit stream 
which is added to the broadcast bit stream at the broadcast stations 23 m order to scramble or 
break-up sumgs of bits having a pauem of Is or Os which can cause demodulation at a radio 
receiver 29 to fail. The same reproducible random bit stream is added a second time at the radio 
receivers 29 to essentially subtraa the bit stream from the received daia. 

25 With reference to Fig. 13, the transport layer of the radio segment 254 which is required 

to extract s^'mboIs from received TDM dau streams, as bdicated at 292 and 294, and to 
■ recombine symbols into their respective broadcast channels, as indicated at 296, is described 
above in corniection with Fig. 10. With regard to the service layer of the radio segment 254 (Fig. 
13). the service components from the service portion 104 of a frame 100 and the SCH 102 will 

30 now be described in connection with Fig. 17. 

The bit stream comprismg multiple frames 100 is de-scrambled using a modulo 2 
scrambler 290 as described above in corniection with Fig. 16 to subtraa the pseudorandom 
sequence from die incoming bit stream, as indicated at 298. TTie service control header 278 is 
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extracted pnor to the deaypdor. of those service componerits that were encrypted at the 
broadcast stauons 23, as indicated at 300. As shown in both Figs. 15 and 17, dynanuc con^d :s 
provided for each sendee, as indicated at blocks 273 and 275 in Fig. 15 and blocks 301 and 303 
bFig 17.toallowaserviceprovidertoselectivelycontrolthecontentoftheSCH278. In other 

words', a service provider can change encryption control infom^on in the SCH on a frame-by- 
frame basis, or even on a service component-to-semce component basis. Simdarly. a servrce 
pn>.der can change the contents of the aux^iary dau fields ADFl and ADF2 ^ the. 
Lsponding associated fields (i.e.. ACIl for the ADFl. ACI2. SF and OI^ for the 
ADF2). AS stated previously, the association of a pnmary broadcast service w.th one or more 
secondary broadcast services can be changed dynamically, as can the transmission of mult^e 
sequences of information using the field ADF2, b addition to encrypnon control. 

The tnnsport laver of the broadcast segment 256, as opposed to the sen.ce layer 
described above in connection with Fig. 15, will now be discussed in connecnon w.th F:g 18. 
The transpoa laver of the broadcast segment 250 preferably comprises an outer transpon layer 
306, a communicauons lines tnnsport layer 308 and an inner tmspoit layer 310. The outer 
transport layer 306 can be located remotely with respea to the inner transport layer 310. The 
communications lines transpoa layer 308 includes all functionaUues necessary for transm^su^r. 
over communicauon lines. Within the transport layer, a broadcast channel is preferably encoded 
for forward error correction (FEC) using concatenated Reed-Solomon encodmg and 
interleaving, as indicated generally at 312 and 314, prior to being demultiplexed into pr^ 
channels havm. a service rate equivalent to 16 kilobits per second. Accordingly, the FEC- 
encoded broadcast channel is transmitted as a protected broadcast channel between the outer 
transport layer 306 and the inner transport layer 310, as shownmFig. 18. 

Fig 19 illustrates the bit stream processed by the outer transport layer 306, as weU as the 
bit stream processed by the inner transport layer 3 10. T^e broadcast channel 316 and the pnme 
rate channels 318 are preferably derived from the same clock reference. Further Reed-Solomon 
encoding and interleaving are preferably synchronized with the SCR The prime rate channels of 
a broadcast channel are preferably time synchronized such that the location of the service 
preamble descnbed above in connection with Table 1 is referred to as the prime rate channel 
preamble, as illustrated in Fig. 4. 
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The Reed-Solomon (255,223) encoding 312 performed at die broadcast stations 23 (e.g., 
80a in Fig. 3) is preferably perfonned in terms of 8 bit symbols and used as the outer code of the 



concatenated coding process. 

The code generator polynomial is preferably. 
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g(x)=n(x-a') 



i-o 



where a is a root of F(x) = + xV + + 1. 
Coding is perfonned using Ae basis { 1, a\ a^ a\ a\ a\ a\ a'}. 
Each symbol is interpreted as: 

[u, , u„U5 , u, , u, , u, , u, , uo ], u, being die most significant bit (MSB), 
where the u, are die coefficients of a', respectively: 
u;V + u«'^a' + U5*a* + u/a^ + Uj^a' + u,*a- + u,'*a + 

•me code is systemauc, that is, the first 223 symbols are the infonnarion symbols. Prior 
to encoding, the first symbol in time is associated to x^^ and the last symbol to x \ The 32 last 
symbols are the redundancy symbols. Following encoding, die first symbol in time is assoaated 

with and the last symbol to x°. 

A block Interleaver, with a depdi of preferably 4 Reed-Solomon (RS) blocks, is used as 
die Interleaver 314 in die concatenated coding process. RS coding 314 and interleaving 314 are 

preferably as follows: 

Assuming diai Sy(m) is die m-di 8 bit symbol among 892 symbols 320 to be RS encoded, 
as shown b Fig. 20, die RS encoding is perfomied on die foEowing 4 sets of 223 symbols, as 

25 indicated at 322 in Fig. 20. 

Set 1: Sy(l), Sy(5), Sy(9), Sy(l+4'^m), Sy(889); m from 0 to 222 

Set 2: Sy(2), Sy(6), Sy(lO) Sy(2+4*m). Sy(890); m &om 0 to 222 

Set 3: Sy(3), Sy(7), Sy(ll), Sy(3+4-^m), .... Sy(891); m from 0 to 222 

Set 4: Sy(4), Sy(8), Sy(12) Sy(4+4-m), Sy(892); m &om 0 to 222 

Each set is increased by die foUowing 32 symbols (8 bit) of redundancy data, as indicated 

at 324, 326, 328 and 330 in Fig. 20. 

Setl: R(1),R(2),R(3),...,R(32) 
Set 2: R(33),R(34),R(35) R(64) 
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Set3: R{65),R(66),R(67),...,R(96) 
Set 4: R(97),R(98),R(99),...,R(128) 

Accordingly, the output symbol stream 332 has the foUowing content, as shown in Fig. 

20, Sy(l). Sy(2), Sy(3). .... Sy(892). R(l). R(33), R(65). R(97). R(2). R(34). R(66) R0. RG-32) 

RG,64). RG.96). .... R(32). R(64). R(96), R(128). with j from 1 ro 32. T^ns, the proteaed 
broadcast channel frame receives 1024 bits per 7136-bit broadcast channel 316 due to Reed- 
Solomon redundancy, as indicated at 334 b Fig. 19. Tke first bit of Sy(l) is preferably the first 
bit of the Service Preamble (Table I) of the broadcast channel. 

With regard to the interleaving 314 performed in the outer transport layer 306 at the 
broadcast stations 23, a Viterbi convoluaonal code (rate 1/2. k=7). as indicated m F:g. 21, ^s 
preferably used as the bner code of the concatenated coding process of the outer transport layer 
306 T^e generator polynomials are g. = HUOOl binary (B) and g. =1011011 (B). Each block 
336 in Fig. 21 represents a single bit delay. Modulo 2 adders indicated at 338 and an inverter 340 
are implemented such that the output of the encoder depiaed in Fig. 21 is preferably g, and g,. 
For every input bit, a symbol is preferably generated widr the switch "Sw" b position 1 and then 

in position 2. , . t v u 

The Viterbi encoder 342 depiaed b Fig. 18 generates bit streams wbch are subsequently 
demultiplexed b the bner transpon layer 310. The demultiplexer 344 preferably dmdes 
encoded broadcast channels bto prb>e rate channels, each of which has a bit rate of 38000 bps. 
as shown b Fig. 22. With reference to Fig. 19. the proteaed broadcast channel frame compnses 
a total of « X 8160 bits, that is. n x 7136 bits for the broadcast channels and 1024 b.ts or Reed- 
Solomon redundancy, as bdicated at 346 b Fig. 22. For the purposes of demulnplexmg, 
symbols S(l). S(2) and so on are two-bit symbols from the FEC-encoded broadcast channel. 
S(l) is preferably the fir. symbol to be bserted bto the first prime rate channel, as micated at 
348 b Fig. 22. Thus, demultiplexbg causes the content of the i"^ prb.e rate chamiel to be 

S®. SM, SCi+2'^«), S(i+P*«). S(i+8159*«). 
^da p from 0 to 8159. as bdicated at 350 b Fig. 22. The broadca. channels are preferably 
demultiplexed bto . pr^e channels. 1^. number of bits from the FEC-encoded broadcast 
channel provided b each prime rate channel is preferably 16,320 bits per frame penod. The 
prime rate channels are then each pro.ded with a prime rate channel preamble, as micated at 
352 b Fig. 18. Th. prime rate channel preambles withb a broadcast channel are all preferably 
dn.e cobcident. The prime rate channel preamble length is preferably 96 bits or 48 symbols, as 
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descnbed above in connection with Fig. 4. The prime rate channel preamble value is preferably 
14C181EAC649 (hexadecimal), with the most significant bit being the first transmitted bit. The 
prime rate chamiel preamble is preferably composed of the same time coincident 48 bit sequence 
on both the I and the Q components of the QPSK modulation 86 (Fig. 3). ' 

When a proteaed broadcast chamiel is not available, a dummy broadcast channel is 
preferably generated within the imier transport layer 310. The dummj' protected broadcast 
channel has the same bit rate and the same frame period as the broadcast channel it replaces. 
The dummy proteaed broadcast chamiel includes a pseudorandom sequence and a SCH hmited 
to a service preamble, as described previously, and a BRI fiUed with Os. The pseudorandom 
sequence is created using a generator such as the PRS generator 290 depiaed in Fig. 16. as well 
as using the same generator polynomial described above. 

As stated previously, the communications lines transpon laj-er 308 is preferably 
transparent to the proteaed broadcast chamiel digital format. This laj-er 308 performs the 
comieaion between the inner and outer transport layers 310 and 306, respeaively, wbch can be 
located in separate sites. Accordingly, the communications lines transport layer 308 can mclude 
communications lines. The outer tmsport layer 306 is used to protea a signal from enon 
coming from the communications lines. If errors issued from the communicauons bnes are 
numerous, a greater level of proreoion is possible. For example, the proteaed broadcast 
chamiel can be proteaed by another FEC code, or the received proteaed broadcast channel can 
be Reed-Solomon decoded and correaed, and then Reed-Solomon encoded prior to reaching 

the inner transport la>^er 3 10. 

As previously described, the system 10 of the present invention comprises a processed 
mission and a transparent mission. The transpon layer of the broadcast segment 250 of the 
txansparent mission preferably comprises the broadcast segment transpon l^er and the space 
segment transpon layer of the processed mission. Much of the re-aligmnent of the bn^adcast 
signals (Le., the rate alignment of frames on-board the saiellite 25), however, is not necessary m 
■ the transparent mission because all of the broadcast chamiels dierein originate from a common 
hub Thus, time differences between a plurality of broadcast stations 23 do not oast. 

The transpon layer of the space segmem 252 depiaed generally in Fig. 13 will now be 
described. The space segment transpon layer receives prime rate channds from the broadcast 
stations 23, as indicated at 354 in Fig. 13. The space segment transpon layer, heremafter referred 
to generally as 356, is illustrated in Fig. 23. As described above in comieaion with Fig. 7. pmne 
me channels are rate aligned prior to being routed into a seleaed downlink beam and 
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n^ultiplcxed for dme division multiplex dowrJink transmission. The rare alignment process is 
indicated generally at 356 in Fig. 23. The switching and routing performed on-board the satelhte 
and described above in connection with Fig. 8 is indicaed a: 358 and die tmxe ivosion 
multiplexing at 360. A time slot control channel 362 is inserted in the time division muluplexed 
or TDM bit stream at the space segment 252 level. The time slot control channel CTSCC) wJI be 
described in more detail below. The multiplex prime rate channels and the TSOC 362 are 
scrambled, as indicated at 364, prior to having a master frame preamble appended thereto, as 
indicated at 366, which is used for TDM synchronization at the radio receivers 29. The TDM 
frame period .s preferably 138 miUiseconds, as shown in Fig. 24. TTie master frame preamble is 
preferably 192 bits or 96 symbols in length. The time slot control chamael preferably mdudes 
4224 bits. 

The svmbol rate aHgnmem process perfomied on-board the satelHte 25 and descnbed 
above in comiection with Fig. 7 wiU now be iUustrated using Fig. 25. Rate ahgmnent occurs 
between bdependent uplink channels received from broadcast stations 23 to correa for nme 
differences between the bit rate reference for the various brx>adcast stations 23 and the satelhte 
TDM rare reference. The rate alignment process is advantageous because it eliminates the need 
to synchronize all broadcast stations 23 to a sbgle bit rate reference. Hius, the broadcast 
stations can be operated using less compHcated equipment and therefore at lower cost. As 
described above in comiection with Fig. 7, the rate alignment process consists of adjustmg the 
length of the prime rate channel preamble by adding a bit, withdrawing a bit, or perfomnng 
neitiier the adding or withdrawing of a bit, at the beginning of a preamble. The PRC bit stream 
368 depias when no lag exists between the sateUite bit me reference and tiiat of the broadcast 
station 23 transmitting tiie received prime rate bit channel or PRC bit stream. Hie PRC bit 
stream bdicated at 370 illustrates the bseruon of a 0 bto a preamble, resulting m a 49 symbol 
preamble to correct for when the bmadcast station bit rate reference lags behbd that of die 
satellite by one symbol. When die sateUite bit rate reference lags behind diat of die broadcast 
station by one symbol, a 0 is removed from a 48 symbol PRC preamble, resulting in a 47-^mbol 

preamble, as indicared at 372. 

Widi continued reference to Fig. 23, die TSCC 362 preferably compnses a TDM 
identifier 374. and a time slot control word 376 for each of die time slots 1 dirough 96. The 
TSCC 362 is depiaed b Fig. 26. Hie TSCC multiplex 362 preferably comprises 223 symbols of 
8 bits per symbol. The TDM identifier 374 and die time slot control word or TSCW 376 for each 
of die 96 time slots are preferably 16 bits long each. Hie TSCC multiplex 362 furdier compnses 
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a set of 232 bits .^ch constitute a round-off sequence 378. The round-off sequence 378 
compnses Os for the odd bits and Is for the even bits. The first bit that is transmitted .s 
preferably the most significant bit and is also a 1. The time slot control word for each of the 96 
lime slots comprises fields, as indicated in Table 4. 



TABLE 4 -TIME SLOT CONmOL WORD | 


Field Group 


Field name 


Length 
(bit) 


Contents 


Broadcast Channel 
Identifier (BDIC) 


BCID type 


2 


00: Local BCID 
01: Regional BCID 

11: WOnUWlClC OK^ll^ 

10: Extension to Worldwide BCID 


BCID number 


9 


AAAriAnnAA* pcprvprl fnr unused cnannels 
UUUUwUUUu: ivCicrvcu iwi unuj^^-i was******-*- 

111111111: Reserved for Test Channel 




Last Prime Rate 
Channel flag 


1 


0: Not last Prime Rate Channel ot the 
Broadcast Channel 

1: Last Prime Rate Channel of the Broadcast 
Channel 




Format identified 


2 


00: WorldStar 1 
else: RFU 




Broadcast Audience 


1 


0: Public audience 
1: Private audience 




Reserved 


1 


RFU 



10 



15 



Each broadcast channel is preferably identified by a unique broadcast channel identfer 
(BCID) which is composed of a BCID type and a BOD number. BCID types preferably 
include a local BCID, a regional BCID, a worldwide BCID, and an extension to woridwrde 
BCID A worldwide BCID indicates thai the BCID for that particular broadcast channel .s vahd 
for any rime division multiplexed bit stream in any geographic region. In other words, the BCID 
uniquely identifies that particular broadcast channel to radio receivers 29 located anywhere m the 
world and on any rime division multiplex carrier on any downlink beam. As stated previously 
each satellite 25 is preferably configured to transmit signals on three downlink beams, each of 
which has two differentiy polarized TDM carriers, as discussed below. A regional BCID is vahd 
for a specific geographic region such that the same BCID can be used to uniquely identify 
another broadcast channel in another geographic region. A regional BCID is vahd on any TDM 
downlink in that particular region. A local BCID is vahd for only a particular TDM earner m a 
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panicular region. Thus, rhe san.e BCID can be used on anod^er beam ^ d.e same 
geographic region or in another region to identify other broadcast chamois. 

With continued reference to Table 5, the content of the TOM identifier 374 mdudes a 
region identifier and a TOM number. The region identifier uniquely identifies the region of a 
received TOM bit stream. For example, one region can be the geographic region serviced by the 
downlinkof a first sateUite which has coverage over much of the Afiican continent. The region 
identifier can also uniquely identify regions serviced by sateUites covering Asia and the Caribbean 
region, respectively. I^e TOM number field in the TOM identifier 374 defines a pamcular TOM 
bifstream. Odd TOM numbers are preferably used for left hand polarized (LHCP) TOMs and 
even TOM numbers for right hand polarized (RHCP) TOMs. 



TABLE 5 - TDM IDEN i Ur lER 


1 Field name 


Length (bit) 


Contents 


Region Identifier 


4 


0000: Reserved 
OOOliAfriStar 
0010: AsiaStar 
0100:CaribStar 
else:RFU 


TDM number 


4 


0000: Reserved 
0001: TDM 1 (LHCP) 
0010: TDM 2 (RHCP) 

0110: TDM 6 (RHCP) 

Note^d TDM numbers are used for Left Hand polled 
(LHCP) TDMs, and even TDM numbers are used tor Kigtit 
Hand polarized (RHCP) TDMs 


Reserved 


6 


RFU 



15 



•n.e TSCC muldplex U preferably also encoded using Reed-Solomon (255, 223) encoding 
on 8 bit symbols, as indicated at block 380 in Fig. 23. T^. code generator polynomial . 
preferably 
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where a is a root of F(x) = x« + r + x + 1. Coding is performed using the basis {1, a', cx^ 

a\a\a\a.'}. Each symbol is interpreted as: 
[u! , ul u,'. u,. U3, u, u,uj, u, being the MSB, where the are the coefficients of < respectively: 
u/a' + Va' + + u,»a* + u^^a' + Uj*a' + u.* a + u<, 

-n.e Reed-Solomon code is systematic in that the first 223 symbols, composing the 
TSCC multiplex are the infomiation symbols prior to encoding. The first symbol in time is 
associated with x^^. and the last symbol with x°. The 32 last symbols are the redundancy 
symbols foUowing encoding. The first symbol in time is associated with x", and the last symbol 

10 withx°. 

No interleavins is appUed prior to Viterbi encoding 382, as depiaed in Fig. 23. Pnor to 
Viterbi encoding, a round-off set of 72 bits is added following the Reed-Solomon block of 255 
symbols. The 72 bit round-off set comprises all odd bits at "O" and all even bits at "1". The 
first bit to be transmiuedis the MSB, that is.a-r. A Viterbi encoding with R= 1/2 and k-7 is 
used with the same characteristics as described above in connection widi Viterbi encodbg at the 
broadcast stations 23. Viterbi encoding is synchronized to the Master Frame Preamble so that 
the first bit following the Master Frame Preamble is the Erse bit issued from the Viterbi encoder, 
which is affeaed by the first bit of the RS encoded data. During initialization of the Viterb. 
encoder, which takes place before the first bit of the multiplex bit stream foUowing the Master 
00 Fr^e Preamble, the registers within the Viterbi encoder are set to zero. 

As bdicated b block 366 of Fig. 23. a master frame preamble is inserted in the senal 
symbol TDM stream. The master frame preamble comprises a unique word and is preferably 
composed of the same time synchronized 96-bit sequence on both the I and Q components of 
the QPSK modulated signals. The scrambling process (block 364) can be implemented usmg a 
PRS generator 384 depicted in Fig. 27 to randomize the data in a TDM carrier. The scrambler 
384 produces a pseudorandom sequence which is preferably symbol-per-symbol space modulo 2 
added to the TDM frame sequence. A symbol of the pseudorandom sequence is composed of 
two successive bits coming from descrambler 384. The pseudorandom sequence can have a 
generator polynomial such as x" + -M- The pseudorandom sequence can be minahzed at 
each frame with a value such as lllllllllll(binary) which is appHed to the first bit of the I 
component foUowing the master frame preamble. 
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■nie transport layer of the radio segment 254 is depiaed in Figs. 28a and 28b. The radio 
segment transport iaver receives the TDM master frame preamble (block 386) from the physical 
layer of the radio receiver 29. Th. operations performed at the traxxsport layer are essenually the 
bverse of those performed b the space segment (Fig. 23) and the broadcast segment (Fig. 18). 
FoUowing descramblmg (388), data from the ume slot control channel (390) is used to iderrafy 
and selea TDM time slots belonging to the same broadcast chamxel to which the radio receiver 
is tuned. A Viterbi decoder (block 392) is used to remove the encoding performed on-boardthe 
satellite and described above in connection with block 382 m Fig. 23. Further, a Reed-Solomon 
decoder (block 394) decodes the encoding performed on-board the space craft and described m 
connection with block 380 in Fig. 23. The TDM time slou belonging to a seleaed broadcast 
channel are then demultiplexed to obtain die prime rate channels, as indicated in block 39 6 Tlie 
demultiplexing is illustrated by blocks 294 and 296 in Fig. 13, as well as being described in 
conneoionwithFig. 10. With reference to blocks 398 and blocks 400 in Fig. 28b, the pnxne rate 
channels are rate-aligned using the headers of the individual prime rate channels, as descnbed 
above b connection with Fig. 11. Following prime rate channel synchronizaaon and re- 
multiplexing (block 402) Viterbi decoding (block 404) is performed to remove the encoding 
performed in the transport l^er of the broadcast segment and described in connecuon wtch 
block 342 m Fig. 18. The symbols are subsequendy de-interleaved (block 406) and decoded 
usbg a Reed-Solomon decoder (block 408). which is the reverse processbg of the broadcast 
channels performed b the outer transport layer 306 of the broadcast segment to ob:^ the 
broadcast channel. Thus, a received nme division mubplexed bit stream is descrambkd to 
correa for errors b the TOM transmission, decoded to recover the b«,adcast channel and then 
descrambled to correa for broadcast channel errors. 

While certab advantageous embodbients have been chosen to illustrate the mvention, it 
will be understood!:,' those skilledbdie art that various changes and modifications can be made 

thereb without deparxbg from the scope of the bvention as defined b the appended claims. 



Wli^T \r. r.laimed is: 

1. A method of formatting a signal for broadcast" transmission to remote 

receivers comprismg the steps of: 

receivmg a service comprising at least a first service component seleaed 
from the group consisting of audio, data, static im^es, dynamic im^es, pagmg 
signals, text, messages and panographic symbols; and 

generating a broadcast channel bit stream frame by appending a service 
control header to said serrice to dynamically control reception of said service at 
said remote receivers, said service control header comprising service control 
data; 

wherein said service comprises an overall bit rate of K bits per second, . 
said overall bit rate corresponding to « multiples of a minimum bit rate of L bits 
per second, said frame period being M seconds, said service having « x L x M = 
n X P bits per frame, said frame comprising n x P bits for said service and « x Q 
bits for said sen-ice control header, wherein K, n, L, M, P and Q are numerical 
values, respectively. 

2. A method as claimed in claim 1 , further comprising the step of providing 
said service control header with first service component control data for 
dynamically controlUng the reception of said first service component at said 
remote receivers. 

3 A method as claimed in claim 2, wherein said service comprises a second 
service component, and further comprising the step of providing said service 
control header with second service component control data for dynamically 
controlling reception of said second service component at said remote receivers. 

4. A method as claimed in claim 3, wherein at least one of said first service 
component control data and said second service component control data 
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comprises at least one of a plurality of fields comprising a service component 
length field, a service component type field, an encryption field, a program type 
field and a language field, wherein said service component length field indicates 
the bit rate of the corresponding one of said first service component and said 
second service component, said service component type field mdicates which of 
a plurality of signals is contained in the corresponding one of said first service 
component and said second service component, said encryption field indicates 
which of a plurality of encryption methods is used to encrypt the corresponding 
one of said first service component and said second service component, said 
program type field indicates which of a plurality of programs is transmined via 
the corresponding one of said first service component and said second service 
component, and said language field indicates in which of a pluraUty of languages 
the corresponding one of said first service component and said second service 
component is generated. 

5. A method as claimed in claim 4, further comprising the step of providmg 
said service component length field with n bits to indicate said bit rate of the 
corresponding one of said first service component and said second service 
component, said bit rate bebg a multiple number of m bits per second, wherein 
1 <. said multiple number ^ 2", m bits per second is a minimum bit rate, n and 
m are numerical values, and the contents of said service component length field 
is a binary number havbg a decimal value between 0 and 2" corresponding to 
said multiple number. 

6 A method as claimed in daim 5, further comprismg the steps of: 
receivmg said frame at said remote receivers; and 

demultiplexing the corresponding one of said first service component and 
said second service component from said frame using said service component 
length field. 



7. A method as claimed in claim 5, wherein n 
per second. 



= 4' bits and wj = 8000 bits 



8. A method as claimed in claim 4, further comprising the step of providing 
said service component type field with one of a pluraHty of values corresponding 
to respective-ones of said plurality of signals, said plurality of signals comprising 
Motion Pictures Expert Group (MPEG) coded audio, general data having no 
specified format, Joint Photographic Expert Group OPEG) coded picture data, 
video and invalid data. 

9. A method as claimed in claim 4. further comprising the step of providing 
said encryption field with a first value and a second value when the 
corresponding one of said first service component and said second service 
component is encrypted and is not encrypted, respectively. 

10. A method as claimed in claim 4, further comprising the step of 
providing said program type field with one a plurality of values corresponding 
to respective ones of said pluraUty of programs, said plurality of programs 
comprising music, a talk radio show, video, text, a censored program, an 
advenisement, and a program directed to a seleaed topic. 

11. A method as claimed in claim 4, further comprisbg the step of providing 
said language field with one of a plurality of values corresponding to respective 
ones of said plurality of languages. 



12. A method as claimed in claim 1, wherein said service comprises a second 
service component, and further comprising the steps of: 
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dividing at least a portion of said frame into data fields; and 
interleaving at least part of said first service coinponent and said second 
service coinponent into each of said data fields. 

13. A method as claimed in claim 12. wherein said first service component 
and said second service component have a bit rate of multiples of L/2 bits per 
second, said interleaving step comprising the step of adding padding bits to each 
data field when the number of said multiples of L/2 bits per second is an odd •■ 
number. 

14. A signal comprising broadcast information embodied in a carrier wave 
for broadcast transmission to remote receivers, said signal comprising a 
broadcast channel bit stream frame generated by appending a service control 
header to a service, said service comprising at least one service component 
selected from the group consisting of audio, data, static images, dynamic 
images, paging signals, text, messages and panographic symbols, said service 
control header comprising service control data for dynamically controlling 
reception of said service at said remote receivers, said service comprising an 
overall bit rate of K bits per second, said overall bit rate corresponding to n 
multiples of a minimum bit rate of L bits per second, said frame period being 
M seconds, said ser^'ice having „ x L x M = n x P bits per frame, said frame 
comprising n x P bits for said service and « x Q bits for said service control 
header, wherein K. «, L, M, P and Q are numerical values, respeaively. 

15. A signal as daimed in claim 14, wherein said overall bit rate K for said 
service is between 16 kilobits per second and 128 kilobits per second, said 
minimum bit rate L for said service is 16 kilobits per second, « is an integer 1 
<. « < 8, said frame period M is 432 milliseconds, P is 6912 and Q is 224, said 



frame comprising n x 6912 bits for said service and n x 224 bits for said service 
control header and n x 7136 total bits. 



16. A signal as claimed in claim 15, wherein said service comprises a first 
service component and a second service component, at least a portion of said 
frame being divided into 432 data fields which are approximately 1 millisecond 
in duration, each of said data fields having n x 16 bits, said first service 
component and said second service component being interleaved into each of 
said data fields. 

17. A method of formatting a signal for broadcast transmission to remote 
receivers comprising the steps of: 

receiving a service comprising at least a first service component selected 
from the group consisting of digitized audio signals, analog audio signals and 
analog signals; 

digitizing said first service component If said first service component is 
analog; and 

compressbg said first service component using source coding seleaed 
from a group of coding schemes consisung of Motion Pictures Expen Group 
(MPEG) 1, MPEG 2, MPEG 2.5, and MPEG 2.5, layer 3. 

18. A method as claimed in claim 17, wherein said compressing step 
comprises the step of sampling said first service component at a sampling 
frequency which is synchronized to the bit rate of said first service component. 

19. A method as claimed b claim 18, further comprismg the step of 
generating a broadcast channel bit stream frame by appending a service control 
header to said service to dynamically control reception of said service at said 
remote receivers, said service control header comprising service control data for 
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dynamically controlling the reception of said first service component at said 



remote receivers. 



20. A method as claimed in claim 19, further comprising the step of 
synchronizmg the framing operations of an MPEG encoder with said service 
control header, said broadcast channel bit stream frame being operable to 
transmit an MPEG frame generated by said MPEG encoder as a subframe 
thereof. 

21. A method as claimed in claim 20, wherein said synchronizing step 
comprises the step of aligning the first bit in said first service component with 
the firs: bit of a frame header generated by said MPEG encoder. 

22. A signal comprlsbg broadcast information embodied in a carrier wave 
for broadcast transmission to remote receivers, said signal comprising a 
broadcast channel bit stream frame generated by appendbg a service control 
header to a service, said service having at least one sei^ice component selected 
from the group consisting of digitized audio signals, analog audio signals and 
analog signals, said service componem being digitized if said service 
component is analog and compressed using source coding selected from a 
group of coding schemes consisting of Motion Pictures Expert Group (MPEG) 
coding, MPEG 1, MPEG 2, MPEG 2.5 and MPEG 2.5, layer 3, said service 
control header comprising service control data for dynamically controlling 
reception of said service at said remote receivers, said source coding having 
framing operations which are synchronized with said service control header, 
said broadcast channel bit stream frame being operable to transmit an MPEG 
coding frame generated via said source coding as a subframe thereof. 



23. A method of formatting a signal for broadcast transmission to remote 

receivers comprising the steps of: 

receiving a service comprising at least a first service component selected 

from the group consisting of audio, data, static images, dynamic images, paging 

signals, text, messages and panographic symbols; and 

generatmg a broadcast channel bit stream frame by appending a service 

control header to said service to dynamically control reception of said seivice at 
said remote receivers, said service control header comprising service control 
header data seleaed from the group consisting of a preamble indicating the 
beginning of said frame, a bit rate index indicating the bit rate of said service, 
encryption comrol data, an auxUiary data field, an auxiliary field content 
indicator relating to the content of said auxiliary data field, data relating to 
multiframes in said auxHlary data field when said auxHiary data field is 
multiplexed, and data indicating the number of service components which 
constitute said frame. 

24. A method as claimed in claim 23, wherein said preamble is one of a 
binary number and a hexadecimal number selected for effective autocorrelation 
to facilitate synchronization of said frame when said fi^e is received. 

25. A method as claimed in claim 24, wherein said preamble comprises 20 
bits and corresponds to 0474B hexadecimal. 

26. A method as claimed in claim 23, wherein said generating step comprises 
the step of dividing the overall rate of said service into a number n of multiples 
of a minimum bit rate of L bits per second, wherein n and L are numerical 
values, said bit rate hidex comprising one of a binary number and a hexadecimal 

number representing said number n. 
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27. A method as claimed in claim 23, wherein L is 16,000 and said overall 
rate of said service is n multiples of 16 kilobits per second where « is an integer 1 
<. „ ^ 8, said bit rate index comprising four bits with 0000 binary indicating 
that no valid data is being transmitted with said service and binary numbers 
0001, 0010, 0011, 0100, 0101, 0110, 0111 and 1000 indicating that said overall 
rate of said service U 16 kilobits per second, 32 kilobits per second, 48 kUobits 
per second, 64 kilobits per second, 80 kilobits per second, 96 kHobits per second, 
112 kilobits per second and 128 kilobits per second, respeaively. 

28. • A method as claimed in claim 23, wherein said encryption control data 
comprises encryption scheme data for indicating which of a plurality of 
encryption schemes is being used to encrypt said setrice, said remote receivers 
being operable to use said encryption scheme data to decrypt said service. 

29. A method as claimed in claim 23, further comprising the step of 
encrypting one of a broadcast channel comprising said service and said service 
control header, and a pluraHty of broadcast channels comprising different 
services and corresponding service control headers, said encryption comrol data 
comprising bits to mdicate a type of key needed by said remote receivers to 
decrypt a corresponding one of said broadcast channel and said plurality of 
broadcast channels, said type of key being selected from a group of keys 
consisting of a static key, a common key and a specific key, said static key being 
useful to encrypt and broadcast said service in said broadcast channel to seleaed 
ones of said remote receivers which are configured perform decryption using 
said static key, said common key being useful for decryption at all of said remote 
receivers of each of said plurality of broadcast chamiels which were encrypted 
using the same encryption scheme, and said specific key being useful for 
decryption at all of said remote receivers of said broadcast channel when said 
broadcast channel has been encrypted using a selected encryption scheme. 



30. A method as daimed in claim 23, further comprising the step of 
transmitting auxiliary data relating to said service in said auxiliary' data field of 
service control header, said auxlHary field content indicator comprising bits to 
indicate that said auxiHary data is encrypted and the key used for encrypting said 
auxiliary data. 

31. A method as claimed m claim 23, further comprising the step of 
transmiuing a Radio Data System (RDS) PI code for frequency modulated (FM) 
broadcasting in said auxiliary data field of service control header, said auxiliary 
field content indicator comprising bits to indicate that said auxiUary data field 
comprises said RDS PI code. 

32. A method as claimed in claim 23, wherein said service corresponds to a 
primary service transmitted to said broadcast remote receivers on a primary 
broadcast channel, and further comprising the steps of: 

receiving a second service comprising at least one service component 
selected from the group consisting of audio, data, static images, dynamic images, 
paging signals, text, messages and panographic symbols, said second service being 
iransmiued to said remote receivers on a secondary broadcast channel; 

generating a second broadcast channel bit stream frame by appending a 
second semce control header to said second service to dynamically control 
reception of said second service at said remote receivers; and 

providing bits in said service control header corresponding to said 
primary broadcast channel to indicate to said remote receivers that said primary 
broadcast channel Is related to said secondary broadcast channel. 



33 . A method as claimed in claim 32, further comprising the steps 
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assigning each of said primary broadcast channel and said secondary 
broadcast channel with an identification code, each said identification code being 
operable to uniquely identify the corresponding one of said primary broadcast 
channel and said secondary broadcast channel; and 

providing said service control header of said primary broadcast channel 
with said identification code corresponding to said second broadcast channel. 

34. A method as claimed in claim 33, wherein a third broadcast channel is 
transmitted which is related to said primary broadcast channel, and has an 
identification code to uniquely identify said third broadcast channel, and further 
comprising the steps of: 

generating another said broadcast channel bit stream frame; and 
modifying said service control header of said primary broadcast channel 
to comprise said identification code corresponding to said third broadcast 
channel to indicate that said third broadcast channel is related to said primary 
broadcast channel in lieu of said secondary broadcast channel. 

35. A method as claimed in claim 33, wherein a third broadcast channel is 
transmitted which is also related to said primary broadcast channel, and has an 
identification code to uniquely identify said third broadcast channel, and fiirther 
comprising the steps of: 

generatmg another said broadcast channel bit stream frame; and 
modifying said service control header of said secondary broadcast 
channel to comprise said identification code corresponding to said third 
broadcast channel to bdicate that said third broadcast channel is also related to 
said primary broadcast channel. 

36. A method as claimed in claim 35, wherein said providing step further 
comprises the steps of: 



providing a bit in said sen'ice control header of said priniary broadcast 
channel to indicate that said primary broadcast channel is a primary broadcast 
channel having other broadcast channels related thereto; and 

providing a bit in each said service control header corresponding to said 
secondary broadcast channel and said third broadcast^ channel to indicate a 
relationship with said primary broadcast channel. 

37. A method as claimed in claim 32, further comprismg the step of assigning 
geographic-specific identification codes to said primary broadcast chamiel and 
said secondare- broadcast channel to uniquely distinguish said primar>' broadcast 
channel and said secondary broadcast channel from each other and among a 
plurality- of broadcast channels received within a selected one of a plurality of 
geographic areas. 

38. A method as claimed in claim 37, further comprising the step of 
providing at least one bit to said service control header of said primary broadcast 
channel to indicate which of a plurality of different identificauon code types 
corresponds to said geographic-specific identification codes, said plurality of 
different identification code types corresponding to respective ones of said 
plurality of geographic areas. 

39. A method as claimed in claim 32, further comprising the step of assigning 
identificauon codes to uniquely distinguish said primary broadcast channel and 
said secondary broadcast channel from each other and among a plurality of 
broadcast channels received within a local area, a regional area and worldwide, 
and said providing step comprising the step of adding at least two bits to said 
service control header of said primary broadcast channel to indicate which of a 
plurality of different identification code types corresponds to said identification 
codes, said type of code being seleaed from the group consisting of a local code, 
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a regional code and a worldwide code, said local code being useful ro uniquely 
identify one of said plurality of broadcast channels transmitted to a geographic 
area by a spot beam from a sateUite transmitter, said regional code identifying 
one of said plurality of broadcast channels transmitted to one of a predetermmed 
contiguous geographic area and predetermined non<ontiguous geographic areas, 
said worldwide code being useful to distinguish said second broadcast channel 
from other ones of said plurality of broadcast channels worldwide. 

40. A method as claimed in claim 32, wherein said providing step comprises 
the step of providing said bits in said auxiUary field content indicator in said 
service control header to indicate to said remote receivers that said primary 
broadcast channel is related to said secondary broadcast channel. 

41 . A method as claimed in claim 40, further comprisbg the steps of: 
assigning each of said primary broadcast channel and said secondary 

broadcast channel with an identification code, each said identification code being 
operable to uniquely identify the corresponding one of said primary, broadcast 
channel and said secondary broadcast channel; 

inserting said identification code corresponding to said secondary 
broadcast channel imo said auxihary data field of said primary broadcast 
channel; and 

insening said identification code corresponding to said primary broadcast 
channel into said auxUiary dau field of said secondary broadcast channel. 

42. . A method as clahned in claim 40, fiirther comprismg the step of inserting 
broadcast channel identification data in said auxiliary data field which identifies 

said secondary broadcast channel. 



43. A method as claimed in claim 42, wherein said broadcast channel 
identification data comprises an identification code to uniquely identify said 
secondare' broadcast channel, and said insening step further comprises the step 
of selecting said identification code to uniquely distinguish said secondary 
broadcast channel from among a plurality of broadcast channels received within 
a seleaed one of a plurality of geographic areas. 

44. A method as claimed in claim 32, wherein said auxUiary data field in each 
of said service control header and said second service control header comprises a 
Primar>'/Secondary (PS) flag, and further comprising the steps of: 

setting said PS flag to a first value when said frame corresponding to one 
of said service control header and said second service control header is a 
component of said primary broadcast channel; and 

setting said PS flag to a second value when said frame corresponding to 
one of said service control header and said second service control header is a 
component of said secondary broadcast channel, said remote receivers being 
operable to use said PS flag to identify a received broadcast channel as one of a 
primary broadcast channel and a secondary broadcast channel. 

45. A method as claimed in claim 32, further comprising the steps of: 

assigning each of said primary broadcast channel and said secondary 

broadcast chamiel with an identification code, each said identification code being 

operable to uniquely identify the correspondbg one of said primary broadcast 

channel and said secondary broadcast channel; and 

providing said auxiliary data field corresponding to said primary 

broadcast channel with an associated service pomter (ASP) corresponding to said 

identification code of said secondary broadcast channel. 
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46. A method as claimed in claim 45, wherein a third broadcast channel is 
transmitted which is related to said primary broadcast channel, and funher 

comprising the steps of: 

generating another said broadcast channel bit stream frame of said 

primary broadcast channel; and 

modifying said service control header of said primary broadcast channel 
to comprise said identification code corresponding to said third broadcast 
channel to indicate that said third broadcast channel is related to said primary 
broadcast channel in lieu of said secondary broadcast channel. 

47. A method as claimed in claim 45, wherein a third broadcast channel is 
transmitted which is also related to said primary broadcast channel, and further 

comprising the steps of: 

generating another said second broadcast channel bit stream frame on 

said secondary broadcast channel; and 

modifying said service control header of said secondary broadcast 
channel to comprise said identification code corresponding to said third 
broadcast channel to indicate that said third broadcast chamiel is also related to 
said primary broadcast channel. 

48. A method as claimed b claim 47, funher comprising the step of 
providing said service control header of said third broadcast channel with said 
identification code corresponding to said primary broadcast channel. 

49. A method as claimed in claim 48, wherein said providing step further 

comprises the steps of: 

providing a bit in said service control header of said primary broadcast 
channel to indicate that said primary broadcast channel is a primary broadcast 
channel and has other broadcast channels related thereto; and 



providing a bit in each said sen-ice control header corresponding to said 
secondary' broadcast channel and said third broadcait channel to indicate a 
relationship with said primary broadcast channel. 

50. A method as claimed in claim 23. providing said^service control header 
with bits for display on a display device connected to at least one of said 

remote receivers. 

51. A method as claimed in claim 50, wherein said providing step 
comprises the step of providing said auxiliary field content indicator in said 
service control header with bits for display on a display device connected to a: 
least one of said remote receivers. 

• 52. A method as claimed in claim 50, wherein said bits comprise standard 
sequence service label for display on said display device. 



53. 



A method as claimed in claim 23, further comprising the step of 
providing said auxiUary data field with data relating to said service for 
reception at said remote receivers. 

54. A method as claimed in claim 53, whereb said providing step 
comprises the step of providing said auxiliary field content indicator in said 
service control header with bits for indicatmg a method of encryption used on 
the contents of said auxiliary dau field. 

55. A method as claimed in claim 54, hirther comprising the steps of: 
generating a second broadcast channel bit stream frame by appending a 

second service control header to one of said service and a second service, said 
second service comprismg at least one service component selected fi-om the 
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group consisting of audio, data, static images, dynamic images, paging signals, 
text, messages and panographic symbols, said second ' service control header 
dynamically controlling reception of the corresponding one of said service and 
a second service at said remote receivers, each of said service control header and 
said second service control header comprising a start flag for indicating when 
said auxiliary data field in each of said service control header and said second 
service control header is one of a plurality of segments in a multiframe signal; 

setting said start flag in said service control header to a first value when 
said auxiliary data field In said service control header is one of the first of said 
segments in said multiframe signal and an Independent segment when no 
multiframe signal exists; and 

setting said stan flag in said second semce control header to a second 
value when said auxlHary data field in said service control header is the first of 
said segments in said multiframe signal and said auxiliary data field in said second 
service control header is another one of said segments in said multifi-ame signal, 
wherein said frame corresponding to said seivice need not be contiguous to said 
frame correspondmg to said second service. 

56. A method as claimed In claim 55, further comprising the step of 
providbg each of said service control header and said second service control 
header whh a segment offset and length field (SOU), said SOLF comprising bits 
relatmg to how many of said segments constitute said multiframe signal. 

57. A method as claimed m claim 56, whereb said step of providing said 
SOLF comprises the step of setting said SOLF to N-1 when said stan flag Is set 
to said first value wherein N is the total number of said segments that constitute 
said multiframe signal. 

58. A method as claimed in claim 55, further comprising the steps of : 



generating a third broadcast channel bit stream frame by appending a 
third service control header to one of said service said second service and a third 
service, said third service comprising at least one service component selected 
from the group consisting of audio, data, static images, dynamic images, pagmg 
signals, text, messages and panographic symbob, said third semce control header 
dynamically controllmg reception of the correspondbg one of said service, said 
second service and a third service at said remote receivers, each of said service 
control header, said second service control header and said third service 
control header comprising a start flag for indicating when said auxiUary data 
field corresponding thereto is a segment in a multiframe signal; and 

providing each of said service control header, said second service control 
header and said third service control header with a segment offset and length 
field (SOU), said SOLF comprising bits to relating to how many of said 
segments constimte said multiframe signal. 

59. A method as claimed in claim 58, further comprishig the step of setting 
said SOLF in said service control header to N-1 when said start flag therein is set 
to said first value, N corresponding to the total number of said segments that 
constitute said multiframe signal. 

60. A method as claimed in claim 59, hirther comprisbg the step of setting 
said SOLF in said second service control header to N - (N-1) when said start flag 
therein is set to said second value. 

61. A method as claimed in claim 60, further comprising the step of setting 
said SOLF in said third service control header to N - (N-2) when said start flag 
therein is set to said second value and said frame comprisbg said third service 
comrol header is transmitted after said frame comprising said second service 

control header. 
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62. A method as claimed in claim 59, further comprising the steps of: 

generating a plurality of frames comprising one of a plurality of services 
comprisbg said service, said second service, said third service and other services 
and respective ones of a pluraHty of service control headers, each of said 
plurality of service control headers comprisbg an auxiliary data field and start 
flag for indicating when said auxiliary data field corresponding thereto is a 
segment in a multiframe signal; 

setting said SOLF in said service control header to N-1 when said start 
flag therein is set to said first value, N corresponding to the total number of said 
segments that constitute said multiframe signal; 

setting said SOLF in said second service control header, said third service 
control header and each of said plurality of service control headers to 1, 2, 3, 
4...N-1, respeaively when said corresponding start flag is set to said second value 
to mdicate which of said N segments m said multiframe signal said auxiUary data 
field corresponds. 

63. A signal comprising broadcast information embodied in a carrier wave 
for broadcast transmission to remote receivers, said signal comprising a 
broadcast channel bit stream frame generated by appending a service control 
header to a service, said service comprising at least one service component 
selected from the group consisting of audio, data, static Images, dynamic 
images, paging signals, text, messages and panographic symbols, said service 
control header comprisbg service control data for dynamically controllbg 
reception of said service at said remote receivers on a broadcast channel, said 
service control header comprisbg service control header data selected from the 
group consistbg of a preamble bdicating the beginning of said frame, a bit 
rate bdex indicating the bit rate of said service, encryption control data, an 
auxiliary data field, an auxiliary field contem bdicator relatbg to the content 



of said auxiliary data field, data relating to multiframes in said auxiliary data 
field T^hen said auxiliary data field is multiplexed, and data indicating the 
number of service components which constitute said broadcast channel bit 
stream frame. 

64. A signal as claimed in claim 63, wherein a second broadcast channel bit 
stream is generated by appending a second service control header to a second 
service, said second service comprising at least one service component selected 
from the group consisting of audio, data, static images, dynamic images, paging 
signals, text, messages and panographic symbols, said second service control 
header comprising service control data for dynamically controlUng reception 
of said second service at said remote receivers on a second broadcast channel, 
said service control header and said second service control header comprising 
data identifying which of said broadcast channel and said second broadcast 
channel is a primary broadcast channel and a secondary broadcast channel 
related to said primary broadcast channel. 

65. A signal as claimed in claim 63, wherein service control header and said 
second service control header each comprise data identifying one of local 
reception, regional reception and worldwide reception for said broadcast 
channel and said second broadcast channel, respeaively. 



66. 



A signal as claimed in claim 63, wherein a second broadcast channel bit 
stream is generated by appending a second service control header to a second 
service, said second service comprising at least one service componem selected 
from the group consisting of audio, data, static images, dynamic images, paging 
signals, text, messages and panographic symbols, said second service control 
header comprising service control data for dynamically controlling reception 
of said second service at said remote receivers on a second broadcast channel. 
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said service control header and said second service control header comprising a 
start flag indicating when said auxUiary data field in each of said service 
control header and said second service control header are segments in a 
multiframe signal and a segment offset and length field (SOLF) indicating how 
many of said segments constitute said multifirame s^al. 

67. A method of formatting data for transmission to remote receivers 

comprising the steps of: 

receiving broadcast channels from at least one broadcast station, each of 
said broadcast channels comprisbg a plurality of prime rate channels, each of 
said prime rate channels comprising a plurality of symbols; 

routing each of said plurality of prime rate channels to at least one of a 
plurality' of time division mukiplexed downlinks, each of said plurality of time 
division multiplexed downlinks comprising a plurality of time slots; 

mukiplexing said symbols corresponding to each of said prime rate 
channels and routed to the same one of said plurality of time division 
multiplexed downlmks into said time slots in said same downlinks to generate a 
corresponding plurality of serial, time division multiplexed or TDM frame bit 
Streams; and 

appending a time slot control word to each of said TDM frame bit 
streams to control the recovery of said prime rate channels corresponding to a 
selected one of said broadcast channels by at least one of said remote receivers, 
said time slot control word comprising at least one field selected from the group 
consistbg of a broadcast channel identifier type field, a broadcast channel 
identifier number field, a last prime rate channel flag, a format identifier field, 
and a broadcast audience field. 

68. A method as claimed in claim 67, wherein said time slot control word 
comprises said broadcast channel identifier type field and said appending step 



further comprises the step of providing said broadcast channel identifier type 
field with at least one bit to indicate which of 'a plurality of different 
identification code types corresponds to said selected one of said broadcast 
channels, said plurality of different identification code types correspondbg to 
respeaive ones of said plurality of geographic areas. 

69. A method as claimed in claim 68, wherein said appending step further 
comprises the step of addbg at least two bits to said time slot control word to 
indicate which of a plurality of different identification code types corresponds to 
said identification code of said seleaed one of said broadcast channels, said type 
of code being selected from the group consisting of a local code, a regional code 
and a worldwide code, said local code being usefiil to uniquely identify one of a 
plurality of broadcast channels transmitted to a geographic area by a spot beam 
from a satellite transmitter, said regional code identifymg one of a plurality of 
broadcast channels transmitted to one of a predetermined contiguous geographic 
area and predetermined non-contiguous geographic areas, said worldwide code 
being useful to distinguish said second broadcast channel from other ones of a 
plurality of broadcast channels transmitted worldwide. 

70. A method as claimed in claim 67, fiirther comprising the step of assigning 
an identification code to uniquely distinguish said selected one of said broadcast 
channels from among a pluraHty of broadcast channels received within a selected 
one of a plurality of geographic areas. 

71. A method as claimed in claim 70, further comprising the step of 
providing at least one bit to said time slot control word to indicate which of a 
plurality of different identification code types corresponds to said identification 
code of said selected one of said broadcast channels, said plurality of different 
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identificaiion code types corresponding to respective ones of said plurality of 
geographic areas. 

72. A signal comprising broadcast information embodied in a carrier wave 
for broadcast transmission to remote receivers, said signal corresponding to 
one of a plurality of time division multiplexed downlinks and comprising a 
plurality of time slots, said time division multiplexed downlink having 
broadcast channels from at least one broadcast station routed thereto, each of 
said broadcast channels comprising a plurality of prime rate channels, each of 
said prime rate channels comprising symbols, said symbols corresponding to 
said prime rate channels routed to said time division multiplexed downlink 
being multiplexed in said time slots corresponding thereto to generate a serial, 
time division multiplexed CTDM) frame bit stream, said TDM frame bit 
stream comprising a time slot control word to control the recovery of said 
prime rate channels corresponding to a selected one of said broadcast channels 
by at least one of said remote receivers, said ume slot control word comprising 
at least one field seleaed from the group consisting of a broadcast channel 
identifier type field for indicating a respective one of a plurality of geographic 
areas of reception for said broadcast channels, a broadcast channel identifier 
number field, a last prime rate channel flag, a format identifier field, and a 
broadcasi audience field. 
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